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] Principal Investigator/Program Director (Last, .first, middie):

OESCRIPTION: State the application'sbroad, long-term directives andspecificaims, making referenceto the health relatedne_ of the project Describe
conciselythe r_searc.h design andmethoclsfor achieving these g_lls. Avoidsurrx_arieSof p_st accomplishmentsand the useof the first person. This abstra._
is meantto serve as a sum:ln¢tand am:urate description of the proposed'workwhen separated from the application. If the application is funded, this
description,as is, will become pubtic infortTua_n..,Tl_lg_L_Eelldo not include proprietary/confidential information.DO No'r EXCtEED THE SPACE

PROVIDED. ,,_..&

The present project addresses tw"0"maih goals: 1) Discovering new pathways involved in rhymer
progression, particularly these related to the loss of hormone-dep'_ndency; and 2) determine the events that
i_cascades that trir_ger Dro_mmed mammaFy cell cit==_thrtttrin0 m_mmary. Qland_ui,.
05EeTS't'ES-dingwhat determines the neoplastlc-cell lack of response to the regulatory controls for cell
proliferation and death is the main goal for experimental ontology. In the case of mammary cells, one of the
main controls for proliferation and differentiation resides in the action of' pregnancy-related hormones.
Determine new genes and pathways that release the mammary epithelial cells from such a control is a
fundamental issue in the fight against breast cancer. A particular aspect of this process will be focused in our
studies: the fast and aggressive behavior of tumors that resume growth after long periods of dormancy.
Although a reTevant issue in the treatment of cancer patients, there has not been toe.._a._y_..c_.!.l_la_.,_._
molecular approaches to this issue. Our studies will be carried out using new MM'l-V"v._r_-ants th"a't i'n'd'_'ce
pregnan=cy-depj__rld..enttu_. _,_tp._r_e=ss.to a hormone-independent behavior. Using the Inverse PCR
techmque, tt_'e "_l_M_-_sequences wdl prowde us a molecular tag for cloning host genom_c regons that, when
altered, contribute to tumor progression. It has been proposed that stimuli that tdgger apoptosis in normal
cells, wouldfail in neoplastic tissue. In the mammary giand, the process by which the lactating gland goes
back to a virgin-like state is known as mammary involution. This process takes place after each lactation
period and involves a very important reduction, by apcptesis, of the mammary alveolar epithelium. The
_[Ln g._t_w__ctivated inthe mammary, secretory cells right after weaning have received
a lot of attention in the scientific community during the lastyears. However; the very eady causesthat
determine the initiation of this process remain unknown. The purpose of the experiments described in our
project is to study these early events to determine how the lack of suckling induces mammary c.ell death.
This issue will be approached by in vivo as well as invitro experiments. In addition, we will focus in
determining whether neoplastic cells show alteration in the signaling pathwaysthat lead to mammary
epithelium cell death and whether that would be relevant during tumor progression.

PER;ORMANCE SITE(S) (organization, city, state)

DivisiOn Medicina Experimental, Institute de Investigaciones HematolSgicas (IIHEMA), Academia Nacional de Medicina
Buenos Aires, Argentina.

KEY PERSONNEL See instruct_ns. Use continuation pages as neededt{3provide the required informationm the format shown below
Start with Principal Investigator. List all other key personnel in alphabetical order, last name rtmt. ._

Name Organization Ro|e on Project

.... - ". -' ' IIHEMA, Academia National de Medicina PI
CIdo,Maria Cecilia IIHEMA, Academia National de Medicina Research assistant

Gattelli,Albana IIHEMA, Academia National de Medicina Post-graduate fellow
Quaglin0,Ana IIHEMA, Academia Nacional de Medicina Post-graduate fellow
Schere-Levy,Carolina HHEMA, AcademiaNational de Medicina Po_t-graduate fellow

Disclosure Pert_,$on S_[ Appli_ble to SBIR/STTR Only. See instructions. [] Yes L'_ No
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• I Pfinaipal thvest)galor/P_ogramDirector (Last. first, middle): ,'.5,. _ ' •

The name of the principal investigator/program director mustbeprovided at the top of eachprinted page and each continuation page.

RESEARCH GRANT
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t Princ_pa!Investi{;_r/Program Director(Last first,mtddle): If', iii - I - __ _-

• BUDGET JUSTIFICATION PAGE
MODULAR RESEARCH GRANT APPLICATION ....

InitialBudget Period Second Year of Support Third Year of Support Fourth Year of Support Fifth Year of Support

$ 50,000 $ 50,o.00. $ 50,000I $ 50,000 S 50,000

• tal Direct Costs Requested for Entire Project Period

Personnel

Edith Kordon, Ph. D. (90% effort) will oversee the experiments contained within this proposal. In addition, Dr. Kordon will
be the main responsible for surgical procedures.

Carolina Schere- Levy, Post-graduate fellow/Ph. D. student (100% effort). Lic. Schere-Levy will determine the activation of
different signaling pathaways during mammary gland involution. She Will also investigate which of these pathways could be
triggered by LIF L|F (Leukemia inhibitory factor) in the pellet implanted mammary glands. She will also determine LIF activi.ty
on mammary epithelia! cell lines. In order to carry out these studies she will performed the required molecular and
immunohistochemical analysis.

"_- .... Ana Quaglino,J:'o=--t--graduate fallow/Ph. D. student (100% effort). She will test the effect of stretching on mammary
epithelial tell cultures (cell lines and/or primary cultures). Besides, she will perform the experiments in transfeofced cells to
study LIF expression regulation. She wilt also determine the effect of LIF on mammary tumors in vivo and in culture. In
addition she will be in charge of testing the treatment with antisense-nucleotides in vivo.

Albana Gattelli, Post-graduate fellow, Ph.D. student (100% effort), is in charge of cloning the viral insertion sites in the
MM-r'V-induoed mammary tumors. She will also test the mutation and expression of the mutated loci inthe tumor samples.
She will also perform the molecular analysis of tumors that resumed growth after dormancy.

Maria Cecilia Cirio, Assitant researcher/Pregraduate student (30% effort). She will be in charge of following the animals
implanted with mammary tumors. She will also collaborate in the immunohistochemical assays. V_en she graduates, in
2003. her effort will increase to 80-100% and she will collaborate inthe analysis of mutated regions found by Gattelli.

To be Appointed Pathologist (20% effort), will collaborate with the histological (morphological and immunohistochemlcal)
analysis of neoplastic and normal mammary samples.

Consortium

No consortium/contractual arrengment have been made up to the moment with any individual or organizstion. However,
the economical situation in Argentina indicates that certain services and/or technical assistance provided by our Institute
would have to be paid by the researcher's grants in the coming future.

o
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t - ' PnnmDal tnvestigator/_r_gram _rector (Last, first, _middle): < "

° li_ J_.., ...... _

BIOGRAPHICALSKETCH
Provide the following information for the key personnel in the order listed for Form Page 2.

• Follow the sample format ,or ea_ person. DO NOT EXCEED FOUR PAGIES.

NAME i POSITION TITLE

,..__,.. r-, .... i Associate Researcher
i

EDUCATION/TRAINING (Begin with baccalaureate or other inltial professional education, such as nursing/, and include postdoctoral training.) I

INSTITUTION AND LOCATION DEGREE YEAR(s) FIELD OP STUDY
(if ¢opticableJ

University of Buenos Aires, Argentina MS,nE_oJooy 1987 Animal Physiology

University of E_uenos Aires, Argentina Ph.D. 1991 . Experimentaloncoiogy
National Cancer Institute, NIH, Balhesda, MD, 1992-1997 Mammary gland
USA biology

A. Positions and Honors:

Positions and Employments,,:
1986-1987 Pregraduate research assistant at the National Academy of Medicine, Buenos

_-" Aires, Argentina. Supervisors: Claudia Lanari, Ph.D. Christiane Dosne Pasqualini,
Ph.D. -

2001-2002 Post-graduate research Fellow supported by the National Council of Scientific and
Technological Research (CONICET), Argentina. Supervisors: Claudia Lanari, Ph.
D. Christiane Dosne Pasqualini, Ph.D.

1992-1997 Post-doctoral Fogarty Fellow at the Laboratory of Tumor Immunology and Biology,
? Natl. Cancer Institue. National Institutes of Health, Bethesda, Maryland, USA.

Supervisors: Robert Callahan, Ph. D. and Gilbert H. Smith, Ph.D.
1998-present Member of the National Council of Scientific and Technological Research •

(CONICET), Investigator Career. Position: Associate Researcher.

Other Ex perience and Professional Membersh ips
2001-2002 Member of the American Society of Cell Biology
1998-present Member of the Argentine Society of Clinical Investigation (SAiC).
1999-present Reviewer for fellowships, grants and career membership evaluation for the National

Council of Scientific and Technological Research (CONICET), Argentina.
2000-present •Member of the Bio-safety Committee at the Institute of Hemathological Research,

National Academy of Medicine of Buenos Aires, Argentina.
2000-2001 Member of the Medical Sciences Study Section for fellowship evaluation for the National

;_:,: Council of Scientific and Technological Research (CONICET), Argentina.
2001 Member of the Comitee for fellowship evaluation •for Antorchas Foundation, Argentina.
2002 Intemational Union Against Cancer (UICC) fellow for the International Technical

';. Exchange Program. University of Massachusetts Medical School, Worcester. MA,
USA. February-March, 2002. Supervisor: Lucio H. Castilla, Ph, D.

+,PHS 398/2590 (Rev 05/01) Page_ -_ BiograPhical Sketch Format Page -I-



l PrinciPal InvestlgatorfProgram Drect_ (LaSl:.first middle) .

Hon ors ', _._,_;,__.'.... ,...... ._.

1989 Premio "Centenario de ia Colectividad JudTaen la ArgenlJna" ("A century of Jewish
congregation in Argentina" Award for the best scientific work in Cancer:
"Adenocarcinomas inducidos por acetato de medroxiprogesterona: un modelo routine"
(Mammary adenocarcinomas, induced medr0xiprogestorone acetate: a routine model )
Lanari C., Kordon E., Elizalde P., Molinol0 A, A., Charreau E. H..V Do_n,e PasquaJ[nLC.

.

1995. Premio Accesit/Lalcec (Angentine Ligue of Fight Against Cancer) "Mecanismos
regulatorios en la carcinogdnesis mamaria murina por progest_genos" (Regulatory
mechanisms in mammary carcinogenesis by. Autores: Molinolo A,, Kordon E., Pazos

, P., Montechia M. F., Guerra F., Eiizaide P., Luthy i., Charreau E. H., Dosne Pasqualini
C. y Lanari C.

1996 ASCB (American Society for Cell Biology)/Glenn Foundation Award
"Evidence for a pluripotent mammary epithelial stem cell capable of self-renewal".
Authors: Gilbert H. Smith and Edith C. Kordon. San Francisco, California, USA.,
December 8_.

, Selected peer-reviewed publications (in chronological order)

Publications selected from a total of 18 peer-reviewed publications

Kordon E., Lanari C., Molin01oA.A., Elizaide P., Charreau E.H., Dosne Pasqualini C. D. Estrogen
inhibition of MPA-induced mouse mammary tumor t_ansplants. Int. J. Cancer 49: 900-905, 1991.

Jhappan C., Geiser A., Kerdon E., Bagheri D., Hennighausen L., Roberts A., Smith G. H., Merlino G.
Targeting expression of Transforming Growth Factor #1 Transgene to the pregnant mammary gland
inhibits alveolar development and lactation. EMBO J. 12, 1835-1845, 1993.

Kordon E._Guerra F., Molinolo A. A., Elizaide P., Charreau E., Dosne Pasqualini C. D., Montecchia F.,
Pazos P., Dran G., Lanad C. Effect of .sialoadenectomy on medroxyprogesterone-acetate induced
mammary carcinogenesis in BALB/c mice. Correlation between histology and epidermal- growth-factor
receptor content. Int. J. Cancer 59, 196-203, 1994.

Kordon E., Mc Knight R., Jhappan C., Hennighausen L., Merlino G., Smith G. H. Ectopic TGFbl
expression in the secretory mammary epithelium inducesearly senescence of the epithelial stem cell
population. Dev. Biol. 168, 47-61, 1995.

Kordon E., Smith G.H., Callahan R., Gallahan, D. A novel non-MMTV activation of the Int-3 9ene in
a spontaneous mouse mammary tumor. J. Virol. 69, 8066-8069, 199_;.

Gallahan D.,Jhappan C., Robinson G.,Hennighausen L, Sharp R., Kordon E., Cal[ahan R., Medino
G., Smilh G.H. Expression of a truncated Int3 gene in developing secretory mammary epithelium
specifically retards Iobular differenlJation resulting in tumorigenesis. Cancer Res. 56,1775- 1785,
1996. _
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! PnncipalInvestigator/Program Director iLast,first, middle): ..... _:
® .

Kordon E., Smith G.H. An entire functional mammary gland may comprise the progeny from a single
ceil. Development 125:1921-1930, 1998.

Buggiano V., Schere-Levy C., Al_e K., Vanzulli S., Piazzon I., Smith G. H., and Kordon E.
Impairment of mammary Iobular development induced by expression of TGF_I under the control of
WAP promoter does not suppress tumorigenesis in MM'FV-infected transgenic mice. Int. J. Cancer
92: 568-576, 2001.

Rasmussen S., Kordon E., Callahan R., Smith G. H. Evidence for the transforming activity of a
truncated int6 gene, in vitro, Oncogene 20: 5291-5301, 2001.

Buggiano V., Schere-Levi C., Gatteili A., Cirio MC, Marfil M, Nepommaschy i, Piazzon I, Helguero L,
Vanzulli S. and Kordon E. Origin and Progression of Pregnancy-Dependent Mammary Tumors
Induced by New Mouse Mammary Tumor Virus Variants. Breast Cancer Res. and Treat.. 2002. In
press.

t

• C. Research Support
• r

0n.qoing Research Support

2001-2003 Junior Investigator Award. Subject: "Pregnancy-dependent mouse mammary tumors
induced by new MMTV variants. Study of origin and progression". National Agency for
Science and Technology Promotion, Argentina. Role: PI.

2001-2002 Rambn Carrillo-Arturo OSativia 2001, Junior Investigator Award. "Searching for new
factors involved in mouse mamary gland normal and neoplastic development"National
Secretary of Public Health, Argentina. Role: PI

2001-2()02 Basic Research Award in Development. "LIF (Leukemia Inhibitory Factor) role during
mammary gland development". Antorchas Foundation, Argentina. Role: PI.

2001-2003 Basic Research Grant Award. Subject: "Biology and tumorigenicity of Mouse Mammary
Tumor Virus (MMTV) new variants". National Agency for Science and Technology
Promotion, Argentina. Role: Co-investigator.

2001-2003 Medical Basic Research Award. Subject: "Role of protein Gc_12 in mammary gland noral
and neoplastic development". Alberto J. Roemmers Foundation, Argentina. Role: PI.

Completed Researchsupport

1998-2000 Medical Basic Research Award. Alberto J. Roemmers Foundation, Argentina.
Subject: "Effect of WAP-TGF_I expression on MMTV-induced mouse mammary
tumorigenesis". Role: P!

+ PHS398/2590(Rev. 05101) Page "_ Biographical Sketch FormatPage +



•! ....Principal Investigator/ProgramDirector (Last, first,middle); _,
2001-2001 Ram6n Carriiio-Arturo OfiatJvia 2001 Junior Investigator Award. Subject: "Role of ..

mammary stem cells in mammary gland neoplasia'. "National Secretary of Public
Health, Argentina. Role: PI.

1999-2000 Basic Research Award in Development. Subject: "LIF (Leukemia Inhibitory Factor) role
during mammary gland development". Antorchas Foundation, Argentina. Role: PI.

1999 Re-entry Grant. Award for post-doctoral fellows that have returned to t_e country.
Subject; New aspects of mammary gland development. Antorchas Foundation,
Argentina. Role: PI.
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I Pnncipal Investigator/Program Director ('Lest, first, middle)"

BIOGRAPHICALSKETCH
Provide the following information for the key personnel in the order listed for Form Page 2.

Fo!low th@sample format for eac,h pe,'_n. DO NOT EXCEED FOUR PAGES.

NAME i ._OSITION TITLEI

I

Schere-Levy, Carolina P. i Post-graduate Fellow
!

EDUCATION/'['RAINING (Begin with baccalaureate or other initial professiona/ education, such as nursing, encl include postdc_crel training.) J
]

INSTITUTION AND LOCATION DEGREE YEAR(s) FIELD OF"STUDY I
(if applicable,) I

University of Buenos Aires (UBA) M.Sc. 1991-1997 Molecular Biology
Biology

University of Buenos Aires (UBA) Ph. D 1999-2003 Mammary gland
Student biology
80%
completed

i

A. Positions and Honors.

1995 Pregraduate Research Assistant: Signal Iransduction laboratory. Institute of
Biochemical Research Luis F. Leloir, Campomar Foundation. Signal transduction of
Leukemia Inhibitory factor. Supervisor: Luis Jimenez de Asia, MD, Ph.D

1995-1996 Selected to participate as a winter student at the Weizmann Institute of Science,
Rehovot, Israel. Role of cytokines and growth factor in p53 induced apoptosis of
granulosa cells. Supervisor: Professor Abraham Amsterdam.

1999-present National Scientific Research Council Post-graduate Fellow (CONICET). Department of
Experimental Medicine. National Academy Qf Medicine from Buenos Aires.
Supervisor: Edith C. Kordon, Ph.D

B. Selected peer-reviewedpublications.

• Leukaemia InhibitoryFactor Induces Mitogenesis in Swiss 3T3 Cells and Selec_ve Enhancement
via a Variety of Signalling Events. Carolina Schere Levy, Moire Sauane, Philip S; Rudland and
Luis Jimenez de Asua. 1997 Biochemical and Biophysical Research Communication 236, 814-
•818.

• Steroid and Aging.Abraham Amsterdam, Ada Dantes, Kumico Hosokawa, Carolina Schere Levy,
Fumikazu Kotsujiand Dorit Aharoni. 1998 Steroids 63, 314-318.

- Modulation of Mdm2 E_pression and p53-1nduced Apoptosis in Immortalized Human Ovarian
Granulosa Cells. Kumico Hosokawa, Dorit Aharoni, Ada"Dantes, Eitan Shaulian, Carolina Schere
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I Principal Investigator/Program Direct_ (Las:_first, middle): _'. ,,. _..,,. - , _-.

Levy, Ruth Atzmon, Fumikazu Kotsuji, Moshe Oren, Israel IVlodavsky and Abraham Amsterd'am.
1998 Endocrinology vol. 139, No 11, 4_8_8-4700 '_:.:_-_

• Induclion of Ad4BP/SF-1, Steroidogenic Acute Regulatory Protein and Cytochrome P450scc
Enzyme System Expression in Newly Established Human Granulosa Cell Lines. Kumico
Hosokawa, Ada Dantes, Carolina Schere Levy, Amihai Barash, Yoshio ¥oshida, Fumikazu
Kotsuji, Israel Vlodavsky and Abraham Amsterdam. 1998 Endocrinology v01.139, No 11, 4679-
4687.

• Wap-.TGF _1 mouse transgenic model shows that MMTV-oncogenic transformation occurs mainly
in the undifferentiated mammary stem cell population. Valeria Buggiano, Carolina Schere Levy,
Keiji Abe, Isabel Piaz_z_on,Gilbert H. Smith and Edith Kordon. 2001 International Journal of
Cancer, 92,_568-76.

• Origin and progression of pregnancy-dependent mammary tumors induced by new mouse
mammary tumor virus variants. Valeria Buggiano*, Carolina Schere-Le_%'*, Atbana Gattelti*, M.
Cecilia Cirio, Mariana Martil, Irene Nepomnaschy, Isabel Piazzon, Luisa Helguero, Silvia Vanzulli,
Edith C. Kordon. 2002. Breast Cancer Res. Treat In press. *These authors equally contributed to
this paper.

Peer reviewed abstracts, presented in scientific meetin.qand published in international iournais:

La muerte celular del epitelio secretorio mamario inducido por la expresi6n de TGFI_I no afecta la
actfvidad tumorigEnica del virus de tumor de mama murino (MMTV). Carolina Schere-Levy, Valeria
Buggiano y Edith Kordon. Medicina (Buenos Aires), vol.58 I%1° 5t2, 1998.

Estudios sobre origen celular y hormono-dependencia de tumores inducictos por nuevas variantes
dei virus de tumor mamario de rat6n (MMTV). Carolina Schere-Levy, Valeria Buggiano y Edith
Kordon. Medicina (Buenos Aires), vol.58 N° 5/2, 1998.

La infeccibn de hembras transg_nicas para WAP-TGFbl con el virus del tumor mamario de ratbn
(MMTV) resulta en la inducci6n de tumores mamarios y la reversi6n del fenotipo senescente. Valeda
Buggiano, Carolina Schere-Levy, Maroela Franco, Cecilia Cirio, Gilbert Smith, Edith Kordon.
Medicina (Buenos Aires), vo1.59 N° 5/2, 1999.

tnserciones.+del virus del tumor mamario murino (MMTV) como herramienta de estudio de la
progresi6n tumoral. Albana Gatelli, Carolina Schere-Levy, Mariana Madil, M. Cecilia Cirio, Valeria
Buggiano y Edith Kordon. Medicina (Buenos Aires), vol. 60 N° 512, 2000.

Estudios sobre la participaci6n del Factor lnhibidor de Leucemia (LIF) en el desarrollo de la glEndula
mamaria normal y neopiEsica.. Carolina Schere-Levy; Valeria Buggiano y Edith Kordon. Medicina
(Buenos Aires), vol. 60 N° 512,2000.

El Factor Inhibidor de Leucemia (L1F) participa en la involuci6n de ia gt_ndula mamaria. Carolina
Schere-Levy., Valeria Buggiano, Silvia Vanzulli y Edith Kordon. Medicina (Buenos Aires), vol. 61 N°
5/2+2001.
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Quaglino Ana . Graduate Fellow

EDUCATiON,rrFZAINING (Begin with baccalaureate or other initial profe.s_ional ecluoation, suctl as nursing, and include postdoctoral training.)

IN ST ITUTION AND LOCATION DEGREE YEAR(s) FIELD OF STUDY
(if applicable)

University of Buenos Aires M.S. 2001 Cell & Molecular
Biology Biology

A. Positions and Honors.

Positions and Employment

1994-1998 Computing & research assistant, Department of Interventional Cardiology, Buenos Aires
Cardiovascular Institute, Buenos Aires, Argentina. Supervisor: Jorge Albertal, MD, Luis
GuzmCJn, MD & Jorge Belardi, MD

1998-1999 Undergraduate research assistant. OlPYP (Porfiria and Porphirins Center
Research).Facultad de Ciencias Exactas y Naturales (School of Sciences).. University
of Buenos Aires, Argentina.
Supervisor: Ana Adela Juknat, Ph.D.

1999-2002 Undergraduate research assistant. Biological Chemistry Department. Facultad de
Ciencias Exactas y Naturales (School of Sciences). University of Buenos Aires,
Argentina.
Supervisor" Aria Adela Juknat, Ph.D & M6nica Kotler, Ph.D

2001 Teaching assistant. "Biochemistry and molecular biology Technics". Institute o1'
Biochemical Research., Buenos Aires, Argentina.

2001 Teaching assistant. "Apoptosis and regulation of cell survival by neurotrophic factors in
the nervous system". Biological Chemistry Department, Facultad de Cs. Exactas y
Naturales (School of Sciences), University of Buenos Aires, Argentina

2002 Teaching assistant in Biological Chemistry. Facultad de Ciencias Exactas y Naturales,
University of Buenos Aires, Argentina
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2002-presentPost-graduate research fellow. Supported by the National Secretary of Public Health "

(Argen_na) at the National Academy of Medicine from Buenos '_...
Supervisor: Edith Kordon, Ph.D.

B. Selected peer-reviewed publications

Peer reviewed abstracts, presented in scientific meetin.q and published in international journals.

=Caspases involved in apoptotic cell death induced by Hydrogen Peroxide inAstrocytes"
A Qua.qlino,MV Armanino, ML Kotler and AA Juknat. (2001) Cel: Mol. Neurobiol. Vol 21 (2), 158.

=ApoptoticCell-death induced by Hydrogen Peroxide in Astrocytes. JNK activation".
MV Armanino, A Qua qlino, ,_ Juknatand ML Kotler. (2001) Cei. Mol. NeurobJol.Vol 21 (2), 125.

=Hydrogen Peroxide - induced Apotosis involves the processing of Caspases in Astrocytes".
A Quaqlino, MV Armanino, ML Kotler and AA Juknat. (2001) J. Neurochem. 78: Supl. 1,443

=Melatonin prevents Hydrogen Peroxide-induced apoptosis in As_ocytes. Implications of c-JUN N-
terminal Kinase and Bax" M.V. Armanino, A Quaglino, A.A. Juknat and ML Kotler.
(2001) J. Neurochem. 78; Sul_l. 1,443
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Gattelli, Aibana Graduate fellow

EDUCATION/TRAINING (Begin with bacca/aufeate or other in._ialprofe._siona! education, such as nursing, and include postclc,:to_'at training.) I
!

IN STITUTION AND LOCATION DEGREE YEAR(s) FIELD OF STUDY i
[if applicable) J

National University of Quiimes (UNQ), Pcia de M.S. 2000 Biotech/Molecuar
Buenos Aires, Argentina. , Biotechnologist Biology1

_k

I

A. Positions and honors

2000-present Post-graduate research fellow: Supported by _he National Secretary of Public
health (Argentina) and Avon Foundation. Supervisor: Edith Kordon, Ph.D.

June-August 2001 "Exchange visitor" University of Massachusetts Medical School
(UMASS),Worcester, MA, United States. ). Supervisor: Lucio Castilla, Ph. D.

., November 2001 Teaching assistant: "Molecular Techniques for Identifying and Characterizing of
viral receptors in Cos and 293T cells", National Academy of Medicine, Buenos
Aries, Argentina. invited professor: Susan Ross, Ph. D. University of
Pennsylvania, USA).

B. Selected peer-reviewed publications

1 .Buggiano V*, Schere-Ee-v-i-C_. Gatteili A", Cir[o MC,-Marfi-i M, Nepommaschy !, P-Jaz.zo-n[,-R_guero
• L, Vanzulli S, Kordon E. Odgin and Progression of Pregnancy-Dependent Mammary Tumors

Induced by New Mouse Mammary Tumor Virus Variants. Breast Cancer Research and Treatment.
2002. in press.
*These authors equally contributed to this paper.

Peer reviewed abstracts, presented in scientific meeting and published in international iournals.

1. Inserciones del virus del tumor mamado mudno (MM'I'V) como herramienta de estudio de la

progresi6n tumoral. Albana Gatelli, Carolina Schere-Levy, Mariana Marfil, M. Cecilia Cirio, Valeria

Buggiano, Edith Kordon. Medicina (Buenos Aires), vol. 60 N° 5/2, 2000.

+ PHS 398/2590 (Rev. 05/0i) Page _ _ Biographical Sketch Format Page +



J

I. Principal Investigator/Program Director (Last.first, middle): _ -

2. Caracterizaci6n histol6gica tumoral__l_ci afectados por el virus del turnor mamario

murino (MMTV). Aibana Gatteili, Valeria Buggiano, Cecilia Cirio, Luisa A. Helguero, Silvia

Vanzulli, Lucio Castilla, Edith Kordon. Medicina (Buenos Aires), vol. 6 N° 5/2, 2001.
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Cirio,MariaCecilia ,Pre-gra'duatestudent
I
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EDUCATION/TRAINING; (Begin with baccalaureate or obher im_tialprofessional education, such as nursing, and include postdoctoral training.) 1

I ]|NSTiTLJT}Ok_ AND LOCATiON DEGREE YEAR_sl FIELD OF, STUDY •
I (ifappiicabiej " • I

Univers.i.tyof Buenos Aires I MS_u_nt 1998- Biology

j present
i

I!
t

I
. ! i

A. Positions and employments:

1999-present Pregraduate research assistant at the National Academy of Medicine. Buenos
Aires, ArgenlJna. Supervisor: Edith C. Kordon, Ph. D.

B: Selected peer-reviewed publications

1.Buggiano V*, Gchere-Levi C*, Gattelli A*, Cirio MC, Marfil M, Nepommaschy I, Piazzon I, Helguero
L, Vanzulli S, Kordon E. Origin and Progression of Pregnancy-Dependent Mammary Tumors
Induced by New Mouse Mammary Tumor Virus Variants. Breast Cancer Research and Treatment.
2002. In press.
•These authors equally contributed to this paper.

.. . ..,

Peer reviewed abslTacts, presentedin scientific meetin,qand published ininternational journals.

La infeccibn de hembras transg6nicas para WAP-TGFI_I con el virus del"tumor mamario de ratbn
(MMTV) resulta en la inducci6n de tumores mamarios ¥ la reversi6n del fenotipo senescente. Valeria
Buggiano, Carolina Schere-Levy, Marcela Franco, Cecilia Cido, Gilbert H. Smith, Edith Kordon.
Medicina (Buenos Aires), vo1.59N° 5/2, 1999.

Inserciones del virus del tumor mamario murino (MMTV) como herramienta de estudio de la
progresiOntumoral. Albana Gatelli, Carolina Schere-Levy, Mariana Marfil, M. Cecilia Cirio, Valeria
Buggiano y Edith Kordon. Medicina (Buenos Aires), voi. 60 N° 5/2, 2000.

Caracterizacibn histolbgica tumoral y clonado de loci afectados por el virus del tumor mamario
murino (MMTV). Albana Gattelli, Valeria Buggiano, Cecilia Cirio, Luisa A. Helguero, Silvia Vanzulli, .
Lucio CastJlla, Edith Kordon. Medicina(Buenos Aires), v01.6 N° 5/2, 2001.
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FACILITIES: Specify the facihtiesto be used for the conductof the proposed research. Indicate the performance sites an_ describe c,apa_ties,
pertinent capabilities, relative proximity, _nd extent of availabilityto the project. Under "Ether," identify support services suchas machine shop,
electronics shop, and specify theextent to which they will beavailable to the project. Usecontinuationpages if necessary.

Laboratory:
Our Division counts with four laboratories, two of them for mouse work, one for cell culture work and the fourth one for
molecular 'analysis work. We share these laboratories with another three groups of approximately the same size of ours.
These laboratories are fully available for our work

Clinical:
NA

Animal:

Our mouse colony counts with seven air conditioned rooms at 20 + 20C, under an automatic 12h light/12 hour darkness
schedule. The mice are maintained in a pathogen-free environment, They are housed 4 per cage in and giv'en sterilized
laboratory" chow and watei- ad tibitum in accordance with the NIH Guide for the Care and Use of Laboratory Animals. T,ne
animals are under permanent professional veterinarian care. Dr. H6ctor Costa (MM) is our full time professional assistant,
member of the CONICET (National Council of Scientific and Technological Research) Assistant Career, who takes care of
the animal health. Besides, there are another 5 non-professional employees who take care of the different maintenance
work (cleaning cages, feeding the animals, etc.) in the animal facility.

_mputer.

Our Division counts with six computers, two of them connected to Internet. These computers are shared by i2 fulktime
investigator_ and ,fellows, and 3 part-time assistants. Our group has shared access .to 2 of the computers (one with
Internet connection) and only one is for exclusive use of our group (no Internet connection'availabte)

Office:

Research fellows and assistants (8 in total) share a big room with 6 desks and 3 computers. The 6 _dependent
investigators share 4 offices, 3 of them with computers.

Other:.

MAJOREQUIPMENT: Listthemost important equipment itemsalreadyavailable for th_sproject,notingthe locationand pertinentcapabilitiesof each.

Our lab counts with 3 horizontal electrophoretic aparettus and a vertical one. Two table centrifuges (one for Eppendorff
tubes, the other one for cells, both refrigerated), a hybridization oven, automatic developer, 2 PCR machines, 2 optic
microscopes, a shaker for bacteria culture, 2 incubators for cell culture, .3 laminai .flows, 4 refrigerators, three -20 freezers,
one -80 freezer, a liquid nitrogen tank and an autoclave, All this equipment is fully available for our use at any time.
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• • In _ther Sections oft he National Academy of Medicine (same building, different laboratories), there are a Flow Cytometer
and a Automatic squencer that are available for our use with previous reservation.



8. RESEARCH PLAN

Tumor progression and apoptosis in mouse mammary gland
a) Specific aims:

What is the cause tbr the lack of response to the regulatory' mechanisms of proliferation and
death control observed in the neoplastic cells? This is the mare question that experimental oneolo_.-
addresses over and over again. In the mammary gland, hormones and growth factors associated to
pregnancy, lactation and involution are the responsible for controlling mammaD' epithelium
proliferation, differentiation and death. Understanding how the progressive alteration of the control
exerted by these factors is involved in the process of malmnary tm_tor initiafion and progression is the
long-term goal of our research.

The proiect presented below is focused in two main objectives:

A)Investigating mechanisms of progression, of pregnancy-dependent mammarw tumors

We count on a new mouse mammary, tumor model for studying hormone-dependent mammary
minor progression thaf allow us to dissect the process quite meticulously. We are particularly
interested in the progression of pregnancy-dependent tumors that remaine dormant in virgin females for
long periods. Ofir preliminar results suggest that during dormancy, events that result in the selection of
more aggressive mad undifferentiated tumor cells are ocurring, This issue is very relevant from the
scientific as weiI as from the clinical point of view. However, there are not many experimental models
that deal with this problem. Therefore, our approach could render Some interesting insights into this
field.

As explained below, the MMTV-induced mammary tumor models allow the identification of
genetic loci that have been mutated during carcinogenesis . In our model we can identifi.., mutations
specifically associated with to progression of hormone-dependent cells to a hormone-independent
phenob'pe. In addition, we set up a new approach for isolating and cloning these loci that will allow a
faster discovery of sequences involved in this process.

B) Mammary, ap.optotic signals and tumor escape mechanisms

The results we have obtained investigating the role of the Leukemia Inhibitory Factor (LIF) on
m_mmmry glmad development got us interested in the process of mmnmary. _and involution. Right
after weaning, apoptosis is triggered in many lobulo-alveolar mammary cells, haterestingly,.the very
early causes that determine the initiation of this process remain unknown. We then decided that
investigating this early events could lead us to reD, seminal information about how apoptosis can be
triggered in mammary epithelium. Therefore, we could find out whether those mechanisms are altered
in mammary tumor cells. To achieve this goal we decide to 1) get a deeper knowledge about LIF role
during manmaary involution; 2) investigate the events that precede and proceed LIF expression and
action; and 3) compare the data obtained in normal epilhelium with mammary tumor cells.

.#'



Baek_und and significance: . ..
Mouse Mammar3, Tumor Virus-induced pregnancy dependent tumors. Origin and progression

Mouse mammary tumor vires or MlvlTV is a t3'pe B retrovirus causing tumors in susceptible mice
by acting as an insertional mutagen in somatic cellular genes. MMTV is transmitted either horizontally
as milk-born exogenous variants or vertically as germ-line integrated provirus (Mtv). This phenomenon
has provided the basis for an approach to identif3, genes which, when affected, may contribute to
cancer prc_gression. Eight different genes have been shown to be genetically altered in multiple
mammary tumors as a consequence of MMTV integration (Callahan, 1996).

Mammary tumors induced by exogenous MMTV frequently arise from preneoplastic lesions
termed hyi_rplastic alveolar nodules (HANs). HANs can be serially transplanted in female mouse
hosts. Upon transplantation these lesions originate pre-neoplastic clonal dominant cell populations
from which, eventually, clonal-dominant mammary carcinomas and even metastases arise (Callahan &
Smith, 2000). In consequence, it has been proposed that new /vIMTV insertions in cell genome
followed by clonal selection is the main mechanism by which this tumor progression sequence
proceeds.

_ Alternatively, some MMTV strains are able to induce premalignant ductal lesions named plaques,
'_which arise during pregnancy and regress after parturition (Callahan, 1996). Plaques have also been

: serially transplanted and it was found that upon this procedure, these lesions retain the abili_' to
"" produce horrnone-deFendent (k/D)' tumors in pregnant females while they grow into normal duets in

non-pregnant hosts (Aidells & Daniels, 1974). It was shown that these HD tumor Imes eonsis_ mainly
of clonal dominant populations (Peters et aI, 1984). However, other authors have reported that early
passages of HD tumors from GR mice have different mutated loci than later passages showing
hormone-independen t (HI) behavior _4ichalides ct al., 1982). This suggested the possibilit-y that the
HI) tumors were composed of polyelonal populations

It has been previously shown that identification of MM'TV insertions by Southern blot analysis in
a mammary cell population indicates their clorml or nearly clonai origin CKordon & Smith, 1998).
Unique _firus-host restriction fragments constitute a specific and reproducible pattern of bands ollly if
they are present in most cells in a population. In ease this was derived from the expansion of many
different progenitor cells, then speei_fie MMTV-host restriction fragments would be hard to detect,
since retroviral DNA insertions occur randomly at multiple sites in cellular DNA (W'ithers-Ward et al.,
1994). In £act, it was shown that intact lactating MMTV-ir_ected mamma@ glands which represent
polyclonal populations -because secretory" lobules develop from multiple progenitors at multiple sites-
do not show a pattern of specific MMT V-host restriction fra c_wnents(Kordon & Smith, 1998).

Three new exogenous MMTV variants (BALB2, BALB 14 and LA MMTV) were described m our
mouse colony (Golov'ldna et al., 1997; Buggiano et al., I999). The three variants appearing together
were designated MMTV (_LA) in recent publications (Golovkirm et al., 1997; Buggiano et al., 2001.).
BALB/c infected with MIVITV (LA) showed a 90% incidence of rn_rumary tumors. These tumors were
initially pregnancy-dependent. They regressed completely or partially between pregnancies and the 3,
re-appeared at the same site in subsequent pregnancies.. Exrenttmlly, they could progress to become

autonomous and grow independently of the female hormonal status (Buggiano et al., 1999).

Leukemia inh_itorv factor involvement in mammary I_land biology

The pleiotropic cytokine leukemia inhibitory factor (-LIF) is a seoreted 38-67.KDa glyooprotein
first named for its abili .ty to induce macrophage differentiation in the murine myeloid leukemic cell line
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M1 (Gearing el al., 1987). Messenger R_NA for LIF has been detected in a variety, of adult mouse
tissues and displays different biological activities including effects on bone metabolism, inflammation,
neural de,_elopment, embryogenesis and the maintenance of implantation (Taga et al,, 1997; Hilton et
al., 1994). In the mouse uterus, LIF is expressed in the endometriaI glands coincidentally with the time
of blastoeyst implantation. Females that lack a fmlctional LIF gene are fertile, but their blastocysts are
unable to implant in uteras (Stewart et aI., 1992). In the uterus, LIF expression occurs possibly as a
direct respon_ to the increase of circulating levels of estrogen occurring on day 3 or 4 of pregnancy..
coineidentally with implantation. Out of premuancy, during the menstrual cycle, it has been showua that
LIF expression in the uterus is e6ntined to the glandular epithelium during the mid and late seeretors.,
phases (Cullinan et al., 1996; Shen et al., 1992).

A polential role for LIF ha the pathogenesis of human breast cancer was indicated by the f'mding
of LIF protein production by the MDA-MB 231 breast cancer ceils (Kellokumpu et 'al., 1996). In
addition, the increa_ on proliferation that this factor induces on several estrogen-dependent (MCF-7
and. T47D) and estrogen-independent (SK-BR3 and BT20) breast cancer cell lines and fresh breast
carcinoma cells, indicates that LIF would play an important role ha mammar?" neoplastic cell replication
(Kellokumpu et al., 1996; Estrov et al., 1995). More recently, it has been found that LIF expression in
these cells can be modulated by progestins and antiprogestins (Bamberg et al., 1998). ttowever, we
have not found in the literature any evidence reporting LIF expression and/or activities in the normal
mamma .ry gland tissue. Therefore, we decided to investigate whether LIF is differentially.,expressed in

.... the mamanar3' gland deveIopmental stages and whether this protein actively' participates i_'-t the
mammary epithelium growth and/or function. The fimdamenta[ role that estrogen and progesterone
play on mammary, gland proliferation and differentiation made as hypothesizes that LIF could play a
rele_'ant role in these processes in either virgin or pregnant females. IIowever, our results show that
LIF expression is up-regulated during post-lactational involntiort, being associated to the secretory
epithehum apoptosis that occurs at the early phase of this peritxt.

Reports of LIF biological activity on breast cancer ceils also differs from our observations in
the normal mammary gland. It has been shovm that LIF stimulates cell grov,._dain several breast cancer
cell lines in a dose dependent manner (Estrov et aI., 1995, Kelloknampu et al., 1996). However, our
results show that in vivo, LIF expression is associated with natural occurring cell death and that
exogenous LIF treatment induces apoptosis in the mammary gland. In addition, we have found that
proliferation of a normal mouse mammary epithelial cell line, NMuMG, is simaificantly inhibited in a

dose-dependent manner by LIF treatment. More experiments are required to,determine whether these
differences could be due to the neoplastic vs. normal, or the human vs. mouse nature of the tested
mammary cells.

The involution of rnamma_' gland following weaning involves a set of events that results in
returning to a virgin-like state. This process involves two distinct stages. The initial one is
characterized by programmed cell death of the differentiated epithelial cells and induced expression of
spoptosis related proteins ('Lund et _-1.,1996, Li et at., 1997 and Nguyen et al., 2000). This is followed
by a second stage that involves extensive tissue remodeling and a characteristic spatial and temporal
expression pattern of a number of ex-tracellular proteinases (Lurid et al., 1996). The LIF ex_pression
pattern shown by our results indicates that this factor is associated wdth the first stage of m_mmary
gland involution. Its in-_,olvement in this phase is supported by the fact that LIF pellet implantation in
lactating mammary glands induced a significant increase of epithelium apoptosis, while no effect on
the mammary architecture was observed, It has been gre-_5ously found that. first stage of involution is
dependent upon mammary-derived local signals induced as a consequence of milk-stasis, while the
second one is caused by the loss of circulating lactogenie hormones (Nguyen et al., 2000). These facts



lit well with our data showing that intemtption of milk efflux during lactation increased LIF expressio n
levels significanly..Mtemativety, no major changes in Lib' expression were noted when a lactogenic
homaone as Hyd was inoculated in mouse females during mamma_' involution. The specific signals
that derive from milk stasis and result in local factor, like LIF, release remain unknown. It has been
postulated that cellular stretching associated with milk accumulation in the alveolar lumina could be
responsible for STAT3 activation (Chapman et al., 1999) as previously reported tbr cantiomyocytes
(Pan et al., 1999). Similarly; LJF expression was induced in cardiac miocytes in ex vivo experiments ot"
feline heart hemodynamic overloading (Wang et al., 2001). Although it is a yew interesting possibili_,,
more.experinaents need to done in order to address the question whether cellular stretc,hing could be
fully responsible ibr the release of LIF and other local factors during the first phase of mamlna_'
involution.

Alx_ptosis is an intrir_sic part of mammary involution. Natural weaning as well as litter removal
stimulates oligonucleosomal DNA laddering and changes in gene expression indicative of apoptosis.
Interestingly, similarities in the activation of signaling cascades and gene expression patterns were
observed between the first stage of.mammary involution and the few experimental models in which

LIF induced programmed ceil death.. Apoptosis during involution was associated to STAT3 activation
_,'Liet al., 1997), expression of cell cycle control proteins as c-Jun, JunB; JunD, c-Fos and c-Myc,
(Marti et al., 1994) and death related genes as Imerleukin lb Converting Enzyme (ICE) ('Lund et. a[._
1996) or Bax (Heermeier et al., 1996; Quarriet al., 1996). On the other hand, it has been reported that
LIF activates terminal differentiation and apoptosis in myeloid leul_'emia M1 cells through STAT3
activation (Minami et al, 1996); this factor induced apc,ptosis of cultured sympathetic neurons
associated to Bax and c-Jm_ N-telrninal kinase (.rU-NK) (Savitz & Kessler, 2000), and LIF induced
growth arrest and increased celt death rate in two carcinoma cell lines associated to c-Myc and ICE
expression induction (Kamoh,'u-a et al., 1997). Therefore, the activation of these common signaling
pathways can be indicating possible mechanisms for LIF apoptosis induction in the manmaa_,
epithelium.

The participation of activated STAT3 in mammary, gland involution has been akeady
demonstrated. Mammary, local factors stimulate STAT3 phosphor3_lation during involution (Li et al.,
1997) and mammary gland of STAT3 conditional knaock-out mice showed suppression of epitheIial
apoptosis that led to a dramatic delay m mammary gland involution (Chapman et al., 1999). Our results
show an increase in the level of STAT3 phosphorylation in the LIF treated mammary gland, in which
apoptosis induction was also showax Theretbre, this suggests that LIF might induce mammary
epithelium programmed cell death by activation of the STAT3 signaIing pathway.

°.



e. Preliminary studies

MMTV(LA) induced mammary tumor behavior

First transplant generation

Seventeen primal" tumors from pregnant h,_ITV (LA)-infeeted females were transplanted in
inbred uninfected BALB/¢ female mice. We found that most of them (11/17) were fttlly able to develop

in female hosts when impregnated, but did not show any gro,,_h for more than 5 weeks when
transplanted into virgin hosts. Tumor lines that showed this behavior were called pregnaney-dependent

or homaone-dependent (liD) tumors. Figure 1 shows that some of these HD lines (n=6) showed
regression after each parturition (_Figure la, Tumor D-2A), while others did not (n=5) (Figure lb,
Tumor 2236).

Alternatively, some of the primary tumors were able to grow in virgin hosts. However, some of

these lines (n=4) were still able to respond to pregnancy since tumor transplants grew earlier and faster

in multiparous females than in virgin hosts (Figure le, .Tumor 2216): We refer to them as pregnancy or
hormone=responsive (HR) tumor lines. Ohly 2 of theprimary tumor transplants grew in _rgin hosts and "
their development was not stimulated by pregnancy (:Figure ld, Tumor 2126); these are referred to as
pregnancy-Lndependent or hormone-independent (HI) tumor lines.

a) HD Tumor (D2) b) HD Tumor (2.236)
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Figure I. Examples oft.he four differcnt tumor growth patterns atfirst transplant generation:a)Hormone-dependent
(biD) tumor showiag regression after each pregnancy, b) lid tumor which does not regress after each pregnant'b,, c)
Hormone-responsive (HR) tumor, d) Hormone-independent (HI) tumor. Each point repre_nts the mean surface of 3 to Ig
mammary, tumors passages + $D in multiparous (0) and (A) virgin females. The arrows indicate the end of each
pregnancy.



Figure 2 shows Southern blot analysis of multiple t'ira passages from 6 primary" tumors (4 ItD,
I HR and 1 HI). Only in a few cases, bands associated _._fithM/_I'V insertions were clearly observed m
all [L-sttransplant generation implants from an HI) rumor. Figure 2B shows one of these cases in wbSch
all the passages showed clear additional bands corresponding to exogenous hCMTV insertion events
occun_lg in most tumor cells. On tile other hand, Figure 2C shows _/mt most implants, from kid tumors
did not show a stable pattern of bands. In tumor 2144, bands corresponding to exogenous MIVITV are
observed in only one implant, while no exogenous insertions are detectable in the other 6 parallel
transplants. Ttanor 2280 shows two bands in one of the trm'ts-ptants, but only one of these ban&s is
present in a second implant and possibly in the third one, but with lower intensity. In the case of tumor
2236 a single band corresponding to exogenous MMTV insertions was found in only t_:o of the three
assayed DNA samples. Figure 2D shows the band patterns corresponding to 2216 primaI)" minor and iLs
successive pa.ssages. This tumor line showed an HR behavior. Once again, a _able pattern of bands was
not found in the first tran_Ianl generation implants. Only one of these three implants showed an
identical pattern to the one found in the primary- tumor. Other implant showed an extra band, while the
last one showed one band less. The fact that one of floetumor passages slaowed fewer bands than floe
primary tumor strongly suggests that the latter was composed of se-veral cell populations. Eventually,
one of these populations becmne predominant and ga_,e rise to a clonaI or quasi-clonal population as

: seen in passage 2 and 3.

HD Tum_
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Figt_re 2. Southern blot ana/ysis ofEco RI digested DNA from tumor transplants with different growth patterns:
(A) spleen DNA digestion pattern from a BA.LB/e mouse is displayed in order to despict Eco RI restriction pattern of

endogenous 1VI_ITV sequences. B) & C) Four HD tumors at first transplam generation; D) HR, prima .ry tumor (I°),
first (.P1), second and third (P2 and 1'3) transplant generation; E) HI tumor, first transplant generation. DNA from
each tumor _vas digested with Eco RI, and Southern blot analysis was carried out. In every case the blots were
hybridized _4th a specific probe for M_MTV-LTR sequcnces. The arrowheads indicate the location of hob-viral
re_riction fragments indicative of the presence of exogenous/vl2vfTV proviral insertion within the somatic DNA.
]'he 5 upper bands corr_pond to endogenot_ MMTV. sequences present in BALB/c mou_ genome.

When no exogenous MMTV associated bands were detected in Eco RI digested tumor DNA, it

was possible float they were masked by bands corresponding to similar size fragments generated from

23



endogenous MMTV-LTR sequences. Therefore, in those eases, other reswietion enzymes such as Hind
llI and Bgl II were used in an attempt to unmask putative hidden bands. However, analysis of HD first---
generation tr,-msplants, which did not show new insertion bands after EcoRI digestion, also failed to
provide evideace of a homogeneously mutated tumor cell population when treated with other enzymes
(data not shov, x_).

Passages from the HI tuanor lines showed a veu, strong and stable pattern of bands
corresponding to exogenous M_MTV eDNA insertions, indicating that these tumors were mostly clonal
derived cell populations..tua example of this, in which the I0 parallel transplmaks from HI tumor 2126
•displayed the same two extra bands, is shown in Figure 2E. Therefore, these results suggest that while
MMTV (LA) tumors showing an HI patlem of o_-owth are mostly clormI derived cell populations,
pregnancy dependent lesions canbe composed of several different cell populations, each of them with
different MMTV(LA) insertion sites.

t_regr_ancv-dependetlt tumor p?'ogressian
After consecutive passages, I-IDand ttR tumors progressed to an t-II behavior. We found that

selection of hormone-independent cells by a hormone-deprived em4ronment was not necessary for the
progression of these tumor variants. This was observed in at least 4 different HE) tumor lines. For
example, Figure 3 shows how D2 HI ttmaor variants appeared very early after implantation. In the f'trst
transplant generation, thev appeared before and, in the second one, daring the first pregnancy.. SBA.
showed that in both of these HI lines there were extra bands, not present in the t-ID passages of this
tumor line. These bands were observed in all parallel and subsequent passages of these HI variants. -
Interestingly, although they appeared independently, both D2 HI variants showed the same pattern of
bands suggesting that they originated from file same cell subpopulation already present at a tow
percentage in the HI) tumor.
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PI_ First transplant generation, 1>2: Second transplant generation, P3: Third transplant generation. A) tID first transplant
generation (n=6), B) ttI first traz_splant generation (n=l), C) HD second transl)lant generation (n=5), D)Hi second tr:dnsplant
generation (n=l). PA: pas_ges of tumors A, PB: passages of tumor B, PD: passages of tumor D. In tumor growth curves (when
n>l) each poim represent Media +_ SD of 4-6 tumor transplants in muhiparous (Q) and (A) virgin females. Small arrows indic,ales
tumor passages, l_,arge arrog.'s indicate Southern blot analysis of A, C, PB and PD tumors. Tumor DNA wa_ digested with Eco RI
and hybridized with a probe specific for MMTV-LTR sequences. Arrowheads show exogenous MMTV provtral inse_ion sites.

Figure 4 shows other examples of tumor progression patterns. HD tumor passages that remained
dormant for more than 4 months in virgin females, would grow during a late pregnancy or upon
hormone-stimtdation. However, they behaved as HI tumors in the follo_dng generation. This pattern of
progression was observed in 6 different HD manor lines (Figure 4A shows one of flaem).

In se-veral cases, HD tumors progressed slowly to an HI phenotype, through several HD and/or
HR passages. Tumor 2280 is an example of this. In this ease, bands by SBA showing the predominance
of a elonat subpopulation were alma@ observed at passage 3, which showed an _ behavior (Figure
4]3).

A) Tumor 2318
¢) PI_ I_._T

a) I_i_,.D b) P2.HI ..

::_0 .. _.,.., "'ti il IIIII It I_t_11i

U ."U ]O[J 1.'_tl .'tl;. .7",_1 I' _.il IJ'J !?;I ._;_ 2511

EcaRl

B) Tumor 2280

a') PI ]_D b) P3 _ c| P/I.I1_ 1'3 II Ii

_mi ¼ _ I.t_"A
_ ! ,_','.._-" , • "i _'.,, ,_O. _ _ __.__

Figure 4 Progression 1o hormone-independence.
(.4.) Tumor 2318 as an example of tumors that progressed following a dormanl _ate. (B) Tumor 2280 as an example of liD

tumors dial progressed through HR stage/s.
a) Crrowth al first transplant generation, b) Growth at a second transplant generation. Each point represents zhe mean The

arrows indicate the end of each pregnancy, c) Southern blot analysis shows restriction pattern of MMTV proviral insertions.

Arrowheads show exogenous MMTV viral insertions. P1 HD: hormone-dependent fn's't transplant generation; P2 I-II:
hormone-independent second transplant generation; P3 HR: hormone-responsive third transplant generation. In panel
showing
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We have found that tumors that went fl_rough a dormancy period (150 to 300 days) only grew
upon hormone stimulation. Nevertheless, flaey showed a HI pattern of growth in hhe successive
passages. Interestingly, they also showed specific histological features: high level of fibrosis and
squamous metaplasia loci that suggest the presence of progenitor epithelia] cells that went through
diverge differentiation towards ectoderm. None of fl_ese featm-es were common in minors that did not
go through dormancy.

'_ ' - """.-"*_A'._,_._.; "._4K_

",, - :,¢.',_._'_'_,7_'.;,_:_z color prints 5n the appendix

Figure 5 : Hemato:dlin-Eosin staining of tumor passages lhat remained dormant in virgin females and resumed grow upon

hormone stimulation. It is noticeable lhe high amoun_ of fibrosis and the presence of sqtmmous metaplasia loci (insert) in

the tran_gplants.

Tumor progression. Histological and ER & PR conten_ cmalysis.
At fn-st transplant generation, all the HD and HR m:alyzed tumors were well-differentiated

mammary adenocareinomas with an either papillary-cystic or ductuto-acinar morphological pattern.
Alternatively, H/tumors showed a variety of histological patterns, while some HI tumor lines resembled
the pattern found in I--ID carcinomas, others showed a very poorly differentiated architecture. Figure 6
shows examples of 3 different patterns found in our mammary, tumor passages. First, a ductal-eystical
papillary pattern con_rnonly fom_d in HD transplants is displayed (A). The second panel (Figure 6B).
shows a well-differentiated glandular-cystic morphology found in an HR passage. Finally, a poorly
differentiated adenoeareinoma is shown in Figure 6C, corresponding to an f-ll tumor_line. No teworth3_
scattered areas with the latter morphology comprised from 5 to 40% in HR tumors and up to 90% in I-{_I
ones.

_-_._._, • ,_-,_ ,. .

Figure 6. Hi_to|ogic_l fe_res of MMTV-i_dueed marmnary tumors progressing from ttD to HI phenol'pc.

(A)Well differentialed adenocareinomas with papillary formations into lumen of cy_tle duels and _tromM invasion that _,ere

mostly found in HD tumors. 0B) Adenoear_inomas with cystic and solid- eribiform pattern that were seen most commonly in

HR tumors. (12) Poorly differeraiated adenocarei_omas with predominm_t solid lyattern were found in several HI tumors

(_a_., _25x).
A vet.." good correlation was found betwee_ hormone-restxmsiveness and the expression of ER

and PR. Jmmu_ohistochemieal analysis showed high number of cells expressing these receptors in all
the analyzed HD and HR turner transplants (Table 1; Figure 7 A & C). However, HI tumors -even the
well-differentiated ones- always presented low ER aM PR tevels (Table 1, Figure 7 B & D). "lNerefore,
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it can be concluded that progression to autonomous grovcth was associated with a significant loss of E.R
and PP. content. Similar results were obtained when ER and PR content was anal.yzed by Western blot
analysis: HE) tumors showed higher ER and PR expression levels when compared with HI passages.

Representative Westem blots are shown in Figure 7 E. color prints in the appendix
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Figure 7: hnmunostaining for Estrogen (ER) and Progesterone Receptor (PR).
In [-ID tumors (e. g. Tumor 2228 IID P 1), numerous nuclei were strongly s-lai_ned for ER (A) and PR (C shows two regions in
the same sample). In Ill tumors (e. g. Tumor D2 HI P2), few nuclei were weakly labelled for ER (B) and almost none was
positive for PR (D) (DAB, 600X). (E) NegaIive control: Immtmostaining of an HD ttmaor (Ttkrnor 222g It'D PI) in which
policlonal rabbit antibodies that recognize ER or PR were replaced by nomml rabbit serum (DAB, 400X). (F) Westena blot of
PR isofomas (PR A, _ g3,000; PR B, M_ 115,000) and ERa m two ttD minors (Ttm_or D2 HE)., 1'2 and Tumor 2314 HD PI)
and an HI tumor (Tumor 2216 HI P5). Similar bands were obtained in 5 differentlested HD tumors; no brands were detected
in 4 different reded III tmnors. Uteri obtained from mice with 10 [_.g.,'kg E_ were used as positive con_ol (Control +) and
mouse muscle tissue as negative control (Control -).

Table 1. Immunostaining for estrogen and progesterone receptors in HI) and HI tumor transplants.

_ .14s4s*± 9.99. --
. txm:or_.ssa_.es c_astgr_camt __rpmee'atageo p_mvem_e_stwoq_ ..:_txp-.'r .

Cloning, and sequencing ofMMTV(LA ) insertion sites.

In order to idenfif3.' genome sequences altered by MMTV (LA) insertions in our mouse tumor
model, the technique tmown as Inverse-PCR was performed. This procedure has been successfuI]y used
for different purposes (Ochman et al, 1988; Sheng-He H, t994; Willis et al., 1997, Li et al., 1999), but
its utiliTation for identification of MMTV insertion sites has not been reported. At the present time, in
our modeL, insertion sites from 3 different tumor lines have been already ,analyzed.

Briefly, the followingprocedure .has been followed. Tumor DNA (lIxg)was digested to

completion with EcoRI in a tolal volume of 30 gl. Reactions.were stopped by heating a_ 70* C for I0

zq-
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min. Digested DNA was then self-circularized bY dilution and tigation using T4 DNA ligase in a total
volume of 600 ul ovemigth at 16° (2. Circular DNA was precipitated with ethanol and dissoh, ed in '
10ml of water. Two _1 of this dilution were used in a 50ul PCR reaction containing dNrfPs, forward
and reverse NLMTV (LA) specific primers, lx buffer B and enzyme mix in the E-Longase PCR System
(Gibco-Life technologies). We tailored IPCR conditions so as to m',Lkeit possible to amplify fraga-nents
as large as 12Kb.We used a thermocycler programmed as 92°C 2 rain, followed by 30 cycles of 92°C
30 seg., 60°C 30 seg., 68°C 10 rain., then a final extension step at 68°C for 15 rain. The amount of
PCR product was quantified by electrophoresis on a 1% agarose gel. The PCR products were purified
and directly cloned in the poem T Easy vector system (Promega). The primers used for M_(_,"IRreaction
are highly specific for ..M]VF/'V(LA) exogenous virus and do not hybridize with N,fl_,iTV-endogenous
sequences of BALB/C mice. For sequencing, the same or downstream non-specific MMTV-LTR
primers were used. DNA sequencing was performed using the PRISM BigDye Cycler Sequencing kit
on ABI Model 373A DNA Sequencer. Figure 8 shows a diagram of the I-PCR procedure.

E 5'-LTR E1 E2 LTR-3' E
............... II I ' ' III...............

][ I.EroRI total tlige._liou
B

|

E _ El E2 E

I 2.DNA .,velf-ligatiott !
P!

t '. P, .'_ l_lt_ .,,'P_.Jl_ _., y

F2 . I_! E .. PI

t,2m ............... aa ...............m

4.{.'t_dng and ._eqtte.aeing

Figure 8. Inverted PCR(IPCR) procedure.Smallarrowheads indicatedloc.al,izationof the amplificationprimers
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The foltov+_ figure (Fig.9) shows the Southern blot analysis of tumors D2-I-tl (A), 2284-
HI CB) and 2312-HI (C), and the corresponding fragments obtained by I-PCR. After cloning and
sequencing of those clones it was found that the three eases corresponded to INT21_Fg£3 locus
insertions (Figure 9 D).

A B C
"l'_mor D-2 "l'q_In .r 2284 "l'+tml*r 231 _.

"+"; _ _. -

,L.
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lind 2.112

.Fibre 9. Southems blot analysis of EeoRI digested DNA from HI tumors of second passage and IPCR product of A) D-2, B)
2284 and C) 2312 tumor lines, D) Int-2 gene. Coding and no-coding regions are indicated. Black lines indicated intron
portio_ ::

. " _-_.. -, .:,++_

Leukemia Inh|bitorv Factor (LIF) involvement in mouse mammary gland development and

involution.

LIF e.rpression pattern during differentdevelopmental stages of the mot.tse mcanma 0, gland
Relative levels of LIF geaaeexpression during mammary development were exarn_ned at several

different stages of growth, differentiation and involution. Mammary- glands from virgin females with
rapidly proliferating duets (33 days old), adult virgin female with growth quiescent mammm.-y glands
(80 days old), pregnant females during lobule-alveolar proliferation and differentiation, nursing
females vdth fully differentiated glan&% and females 24 hours after weaning when man5' of the
differentiated cells are dying, were assayed for mouse L1F expression by semi-quantitative RT-PCR

(Fig 10 A). The results show that LIF is expressed at detectable and similar levels in puber, adult virgin
and pregnant females. However, LIF mtLNA dropped to almost lmdetectable levdls ri_ht after
parturition and remained low during the whole lactation period. LIF expression levels did not show
significant fluctuations among the different phases of each of these developmental stages: No



• st .Tnd _' _ddifferences were found among different phases of the estrotLs c'vele in -v'h-gin females; I , _ ana _
week of pregnancy; and 1_t, 2n_ and 3rdweek of lactation (data not shown). On the other hand, 24 hours ....
after weaning, LIF m.R_NTAlevels showed a steep increase, being this level of expression significantly
higher, not only with respect to lactation, but also to adult rnamma_' glands (Fig 10A). LIF expression
was. also tested in epittlelium-divestcd manmaary glands (cleared #4 fat pads) of adult •females. at
different stages of the estrous cycle and at different times during pre_aney. !k_mmar3; fat pads of
fezTmles that were ovarieetomized at the third week of age were also tested. In all these eases low, but
detectable levels of L/.F expression in the ma_mrnar_." stroma were detected. Once again, no variations in
LLF mR_NA levels were found related to hormone status either in ,_Srgin or pregnant f_maales. Due to the
lack of LIF level variation between these conditions, the data referring to LIF stromal expression were
pooled and the average level is shown in the corresponding column of Fig 10A. These results show that
at least part_of the mammary LIF expression .found :in Virgin mad pregnant females could be due to
transoription occurring in stromal mammary cells.

In order to confh'm the up-regulation found during involution, and to check L_ transcript size,
Northern blot analysLs, using polyA RNA from adult virgin, lactating and involuting mammary g2ands,
was carried out. High levels of a unique 4.2 Kb. LIF transcript were fotmd ordy at involution phaze. By
this method, LIF expression was undeteetable in mammaD' glands of both nursing and virgin adult
females ('Fig. l 0B).
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Figure i0: LIF expression levels al different stages during mammary, gland development and differemiation. A) LIF
e.xpression levels as determined by RT-PCR using mouse mammary" RNA (lanes 1-6) from: 33 days old pubcr vi_n
females (lane I), 80 days old adult virgin females (lane 2), epithelium divested glands (lane 3:), pregnant females (lane 4),
timing females (lane 5), 20 hours after weaning (lane 6) and mouse utcrtts (lanes 7 & 8), in estrous (lane 7) and dicstrous
(lane 8). Upper panel: Semi-quantitatix,e comparison of LIF expression levels. Re.quits are presented as a ratio of that
detected in total mammary. RNA from 33 days old virgins (fixed value=l). Each column represents the mean,, and bars
.represent the SE, determined from 4 to 6 separate RT-PCR. ex-perimcnts. * indicates a significant increase in the relative LIF
expression level when the involuting gland is compared with the adult virgin g0 days old female mammary" #ands (P<0.01).
Lowm- panel: ettfidium bromide stained gel showing one of the RT-PCR assays described above. B) Not_hem blot analysis

: ofLIF e_cpression at different mammary. #and stages. Six _tg ofpoly-A P,_X_Afrom lactating (I_--q.), involuting (Inv.) and 80
-day's old virgin female mice (gOd) were loaded in each lane and hybridized with a LtF eDNA. specific probe (upper panel)
or a GPDH eDNA specific probe (lower panel). --
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Because of their higher sensitivity, RT-PCR semJqumatitative assays were carried out in order to
obtain a more detailed analysis of LIF expression during involution. These experiments revealed that
during the ftrst 8 hours of im,olution LIF levels remained low. However, 7 hours later (15 hears
hwolution) a detectable increase was obselared. These levels peaked 20 hours after the pups had been
removed and lasted up to 3 days after weaning. Twenw-four hours later, LIF expression had _ecovered
similar levels to those found in virgin females ('Fig 11A).

Mammary LIF Receplor (LIF-R) expression levels at all the physiological conditions described
above were also tested by semiquantitative RT-PCR analysis. In this case, no differences were found
among virgin, lactating and different times of involuting glands ('Fig. 11B). Thus, LI:F expression
regulation is_not associated to the LIF-R levels.
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Figure 11: LIT sad LIF-R expression levels at different s_agcs during manmtm._" gland iz]volution.
A) LIF expression levels as deteTmined by RT-PCR using mouse mammary RIgA from: 33 days old virgin females

(lane 1), nursing females (lane 2), g hours (lane 3), 15 hours (lane 4), 20 hours ('lane 5), 3 days (lane 6) and 5 days (lane 7)
after fitter removal. Upper panel: Semi-quantitative comparison of LIE expression levels. Results are presented a_ a ratio of
that detected in total mammary RNA from 33 days old virgins (fixed value_l). Each colmnn represents the mean, and bars
represent the SE, determined from 4 to 6 separate RToPCR experiments. * indicates a significant increase in the relative I2F
expression level of mammary glands at both 20 hours and 3 days after weaning, compared with file level found in 5 days of
involmion (P<0.0]). Lower panel: ethidium bromide stained gel showing one of the RT-PCR assays described above. B)
LIF-R expression levels as determined by RT-PCR usittg mouse mammary ICNA @ore: 33 da_ old virgin females (lane 1),
nursing females (lane 2), g hours (lane 3), 15 hours (lane 4), 20 hours (lane 5), 3 days (lane 6)and 5 days (Iane 7) atter litter
removal, and 80 days old virgin female mice (lane 8). Upper panel: Semi-quantitative comparison of LIF-R expression

levels. Results are presented as a ratio of thai detected in total mammary RNA from 33 days old virgins (fixed valtie=l).
Each column represents the memo, and bars represent the SE, determined from 4 to 6 separaze RT-PCR e.,qoerirnents. Lower
panel: ethidium bromide stained gel showing one of the RT-PCR assays described above.
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I.mrnunohistochemieal analysis of LtF expression also revealed its increase at the protein level
during the fftrst s_age of mammary gland involution. Positive staining was found m the cytoplasms of ....
epithelial cells as well as in the intercellular spaces of regressing lobules and ductules. On the other
hand, no staining was found in the mammary, epithelium of lactating mice (Figure 12). We have also
observed scattered positive LIF stained epithelial nuclei in the 48 and 72 hours in-voluted glands.
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Figure 12: LIF immtmo,_taining during involution-. ' " "
Cytoplasmic LIF expression (arrows) was observed in epithelial cells at the 3_ day of mammary gland involulion (A).

I-Iowever, not positive staining was detecled if the firs._m_tibody was replaced by PBS in a similar tissue sample (B).

To detemaine whether other members of the LIF cytoldne fmnily would follow the same
expression pattern, semiquantitative RT-PCR ,-malysis wag carried out with IL-6 specific primers.
Although an increase m IL-6 expression was fotmd associated x_dthmammary involution, several facts
suggested that IL-6 and LIF would not be under exactly the same regulation. Similar IL-6 expression
levels were found in mammary glan&s from virgin, pregnant and lactating females, thus, no inhibition
was associated with lactation (data not shown). In addition, IL-6 expression level in the mouse
manmaary gland required •at least 40 m_plifying cycles and 2 to 3 Ixg of RNA for amplifying IL-6

rrALNA, while LIF expression needed a significant lower number of amplifying cycles and template
amount (see Material and Methods). Alternatively, on]3, 28 cycles ,and lug of tLNA were required when

testing IL-6 expression in dendritic cells or lymphocytes (using the same primers).

LIF expression is regulated locally by milk stasis
The pattern of LIF expression during involutior_ indicated that-it was associated to the first stage.

of this process. It has been demonstrated that local factors rather than systemic hormones regulate the
events occurring during this phase (Liu et at., 1996). In order to eonfurn whether LIF expression is
triggered by the lack of milk efflux and the consequent release of local factors, one of the #4 mammary
glands of lactating females was either sealed or its connection to the nipple surgically removed while
the other 9 glands remained intact. In this way, laetogenic hormones maintained their systemic level
while involution a__soeiated local factors were triggered in the sealed gland. The experirnental mice
continued nursing their pups for more than 3 days when both #4 glands were removed. Figure 13A
shows that sealing as well as surgical procedures induced a significant Lib" expression increase,
although scaling the teat was more effective. In fact, the LIF increase resulting from this treatment yeas
approximately the same as that observed in the involuting gland 72 hours after weaning. These results
show that milk stasis would be enougk stimulus to induce LtF transcription in mammary glan&s of
females with a high level of circulating lactogenic hormones...
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It was then decided to investigate whether lactogenic hormone Ireatment would be able to

reduce I,IF expressi(m in the mammary., gland after weaning. Treatment with glucocorticoids (Hyd) was

chosen because fllese hormones have been reported to exert a negative effeet on LEF expression in
other experimental models (Bamberger et al., ]997). For this purpo_, pups were removed from their

mothers and half of them were treated with hydrocortisone (I-Iyd) for the 3 following days after which

the mamm_, glands were examined. Hyd did not induce a significmzt inhibito_, effect on ma_rranaI_w
LIF expression dming involution ('Fig. 13A). This result confirms that the decrease of circulating

glucoeorticoid level during invol{zfion does not play a relevant role in reducing LIF expression afler
weaning.

Northern blot analysis was carried out to confirm the strong induction of LIF expression

observed in sealed glands during lactation. By this method, similarly high expression levels were
obsm,ed in mammary glands of non-treated females 3 days after weaning and in females _th #4

sealed teak_ during 3 days in the midst of lactation. Contrarily, no LIT was detected m intact mamma D,
glands from either late pregnant or nursir_ females ('Fig, 13t3).
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Figure 13: Effect of local vg. circulating factors on LIF expression induction.
A) 1,IF expression levels as determined by RT-PCR using mouse #4 mammary glahd RNA from nursing females (lanes 2-.
5) in which the right glands were left intact (lanes 2 and 4) or milk elTlux from the contralateral glands were elimirmted
either surgically (lane 3) or by sealing the nipple (lane 5). These females were nursing their pups for 3 clays beNre litter
removal. Besides, LIF expression levels were also determined ushzg RNA from 3 days imvoluting glands fi'om females that
were inoculated with either saline solution (lane 6) or hydrocortisone (I-Iyd) (lane: 7) daily after litter removal. Lane 1
shows the standard LIT expression level from 33 days old virgin mouse mammary glands. Upper panel: Semi-quantitative
comparison of LIF exl_ression levels. Results are presented as a ratio of that detected in total mammar3.,RNA from33 days
old virgins (fixed value=l). Each column represents the mean, and bars represent the SE_ determined from 4 separate RT-
PCR experiments. * indicates a significant increase in the re 'lativeLIF expression level in the mammary glands of surgically
removed and sealed nipple compared with the expression level found in the contmtateral intact ones (P<0.001). Lower
panel: ethidium bromide stained gel showing one of tl_eRT-PCR assays described above. B) LIF expression Northern blot
analysis o/'#4 mammary gland poly-A RNA from: late pregnant mice (lane: l), lactating intact glands (lane 2), intact glands
3 days after weaning (lane 3) and lactating glands in which their #4 teats have been sealed ckrring 3days (lane_ 4). The blot
was first hybridized with a LIF eDNA specific probe (upper panel), then stripped and hybridized with a GPDH eDNA
speoifio probe (lowerpane]). ..
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LTF induces cell death in the mamma O, gland epithelium and Star3 activation ....
In order to study LIF protein effect on the man'maary gland, LIF containhlg pellets were

implanted in the lactating glands when endogenous expression is at its lowest level Our goal was to
determine whether the presence of exogenous L1F during lactation could induce events associated with
involution while the mouse was still nursing its pups. Analysis of H&E stained slides from LIF pellet
implanted glands showed no relevant morphological alterations. However, it has been demonstrated
that the first stage of involution is characterized by apoptosis of the secretory cells rather than gland
architectural alterations. Therefore, quantification of apoptosis v,-as assessed morphologically in these
sections (Fig.14 C, and inserts). Significantly more apoptotic nuclei were found in the LIF pellet
implanted mammau¢ giands: 3.92% ± 0.26% compared with control glands implanted with placebo
pellets: 0.989/0 ± 0.22% (n=5, mean 4- S.E. p=0.0019, StudenFs t-te_ fbr paired samples). Induction of
mammary epithelium apoptosis by LiT pellet implantation was confirmed by TUNEL analysis (Figure
14): 3.62% 4- 0.50% vs. 1.16% 4- 0.5% (n=5, mean -+-S.E. p----0.0017, Student's t-test for paired

samples), color prints in the appendix
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Figure 14: LIT indaces apoptosis in lactating mammary glands
TUNEL staining of lactating mammas5, glands treated wifla LIF (A) or with placebo 03) pellets. TUNEL-positive

apoplotic cells are identified as brown slained nuclei and they clearly predominate in A (magnification 400x). Arrows in the

inserts show apoptofic coils in The same sections stained with I-I&E. Observations made by this method oorrelated with the

results obtained by TU'NEL assay. Quantification of the results (C) Each bar represents the mean ofdar_ collected from five

independent samples. Erro r bars-represent standard error oflhe mean..Mean and SE were compared by Student's t-test for

paired smnpl_
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It has been previously reported that LIF can activate Stat3 in several cell _'pes and that
phospho.rylation of Stag (p-StaG) is enhanced during the ftrst three days of mammary gland

involution. In contrast, very low p-Stat3 was found in pregnmat and lactating glands (C.hapman et al.,

1999). Therefore, LIF abili.ty to activate Star3 transcription faotor in the mammary- gland was assayed
in the LIF implanted pellet lactating glands. Phosphorylated Star3 level was evaluated by ilmmmoblot

assays after Stat3 imrnunopreeipitation. LIF pellet implanted mammary.' glands showed a significant

increase in Stat3 activation when compared vdth placebo pellet implanted glands: 62.2% 4- 4.8% vs.
21.9% 4- 8. i% relative to the highest level of Slag activation observed in 48 hour-involuting glands

(n=4 mean 4- S.E., p--0.005, Student's t-test). L._etating non-treated mammary glands were tested as
negative oontrols (Fig. 15).
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Figure. 15:Effect of LIF on _'rosine phosphorylation of b'tak'_.
Inmlunoprecipitation and Western blot analysis of protein extracted from: intact 48 hours involuted mammary, glands (lane
I), lactating mammary glands containing a LIF pellet (lane 2) or a placebo pellet (lane 3) and intact' lactating glands (lane
4). Samples were immunoprecipitated with Star3 antibody"and immunoblottext with anti-phosphorylated Stat3 (p-Stat3)
(Upper panel). Membranes were then stripped and reprobed with ami-Stat3 antibody (Lower panel). Graph: Quantification
oftheresultsoffourindependentmice.Each barrcpre_ntsthe.mcan aud standarderrorcalculatedasapercentageofthe
valueobtainedinirtvoluledglandineacltblot_gleanandSE werecomparedby Student's_-test.
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D. RESEARCH DESIGN AND METHODS:

Aim # 1 Progression of pregnancy-dependent tumors after dormancy in virgin t_rnales.
We believe that the specific features that pregnancy-dependent tumors depict when they resume

growth show clues that could lead us to the specific mechanisms involved in the surviving and fast
progression of hol_one-dependent mammary ttauors after long-tern1 dormanc3.r: In our model as weI!
as in other MMTV-induced, pregnancy-dependent tumor models (S1wser & Van Nie, 1974), ER and
PR expression are required for pregnancy-dependent tumor gro_h. However, our preliminar results
show that ER and PR content _e much lower in tumors that resumed gro_-th after dormancy even
though they required hormone stimulation to develop. Therefore, our hypothesis is that a small ER ,and
PR poNti,le population present in the dormant tumor provides specific signals-(e, g. gro_dl factors)
that allow ER-PR- ceils to rapidly grow and surpass the ER+PR+ slower cell populations. In order to
test this hyp-othesis, ln-nn 3 fragments of liD minors will be implanted in the manunary fat pad and wilt
remain there for about 5 months in virgin hosts. These females wiIl be then either impregnated or
treated with estrogen and progesterone in order to ailow minor development. Right before
impregnation and at different times during tumor development (for example once a week during the
fin-st four weeks of tumor developmcnt), tumor samples will be analyzed to identi_ the presence of
ER+ and PR+ cells by immunohiostochemistry to identi_ their relative quantity/ and distribution
during the dormancy period.

In these animals, at different times after implant_-ltion, Br dU uptake studies will be performed in
order to determine whether the dormant rumors remain in Go or keep a low but detectable level of DNA
synthesis (Wijsman et al., 1991).

It has been reported that breast invasive ductal carcinomas that show fibrotie loci have more
aggressive characteristics than those without them (I--Iasebe, et al.. 2001). Taking into account the high
level of fibrosis observed m our model in tumors resuming grox_th after dormancy, proliferative
activity of these active growing tumors will be analyzed by BrdU uptake as well as by PCNA and Ki-
67 immunostaining. We will be then able to determine _hether tumors that resumed growth after
dormancy divide faster than the regular mammary" tumor cells. In addition, double labeling (with
hormone and growth factor receptors) will allow us to identi_" which factors would be involved in
stimulating gro_h of thesx_ cell populations.

The presence of a rich stroma in tumors coming from dormancy periods suggests that factors
belonging to the FGF ('Fibroblast Growth Factor.) family could be involved in dormant mammary tumor
progression. We have chosen to analyze in our model 3 members from this family of proteins. The
following paragraphs indicate the reason why these proteins were selected:

A) bFGF/FGF2 In a new experimental model, it has been show_a that fibrosis is associated
_4th aggressive inflammatory breast cancer (Shirakawa et al., 2001). In this case, over-expression of
bFGF/FGF2 has been observe& It has been also shown that production of this factor by pancreatic
cancer cells induces ductal and stromal hyperplasia of' the pancreas ,(Ktmiyasu et al., 2001). Besides,
bFGF/FOF3 has an important proliferative activity in different hormone_responsive mouse mammary
tumor models (Jiang et al., 1993, Lamb et al., 1999).

I3) INT2/FG]F3. More than 15 years ago ('Peters et ai., 1983) it has been established that
more than 50% of the mammary rumors arising in BR6 mice contain an acquired MIvITV provirus
integrated within a defined 25-kb domain of DNA on mouse chromosome 7 (Dickson et al., 1984). tt
was then found that the protein encoded by int-2 gene belonged to the Fgf family 0Ygf3) (Smith et al.,
1988). Mammary glands of virgin Fgf3 transgenic females.appeared normal with only microscopic
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areas of ductal hyperplasia composed of focal ag_egates of cells. After parnwition, the hyperplast.ic
areas either regressed or remained static, becoming more pronounced in subsequent pregnancies. In this
reaard lesions resembled pregnancy-dependent lesions observed in BR6 mice and in our ow._ model
0vlullcr et al., 1990; Stamp et al., 1992). In addition, we have observed alteration of the int2 locus in
the 3 tumor lines tested (see "Preliminary results"); two of which have restarted growth after donmncy
(T2312 and 2284). In the third one, the FgfB/int2 insertion appeared early in the D2I-ID tumor (see
Prelimina_, results). Then, it was not associated with HI pattern of gro_h and high fibrosis observed
in the other two cases. However, it has to be noticed that this mutation is also present in the tumor
belon.ging to this line that have resumed grox_da after dormancy. Then, over-expression of Fgf3/int2
could bc necessary but not sufficient for displaying the phenotype observed in these tumors.

C) FGF4. It has been reported that Fgf4 transfected MCF-7 cells show a very important
mitogenic a_tivity that mask, if existant, their responsiveness to estradiol. In addition this factor
induces secretion of VFGF that would be probably associated with the more aggressive pheno_,pe
observed in the MCF-7-Fgf4 cells. (Hajitou et al., 2000).

The expression of these genes will be analyzed in tumors that res_amed growth after dormancy
as well as their passages compared with HI) and HI tumors that did not go through that process. The
analysis will be made at the RNA level (Northern blot analysis.) and protein level (V_re_tern blot
analysis and Immunohistochemistry). Similarly, expression of FGF-R will be analyzed in these

samples. In addition, in situ hybridization analysis will be:carried out Lu dormant tumor samples right
beforeand after hormone stimulation in order to identify, the cell populations responsible i'ortheir
production.

Another common trait that tumors that resumed growth after dormancy showed quite frequently
is the presence of squamous metaplasia loci. This would indicate that in these tumors there axe cells
that suffer transdifferenciation into epidermis. In order to verif-y these events, the presence of keratins
K1 and K5 _411 be investigated. In wild type epidermis, K1 is found in the spinous layer and K5 is
observed preferentially in the basal la_er and outer root sheath of hair follicles. K1 is not found in
mammary epithelium and K5 is found in the myoepithelium surrounding ducts and alveoli. I-Io_.vever,
K1 and K5 are detected in hyperplastic structures and sqt_n'ous cells upon activation of b.-eatenin
(Miyoshi et al., 2002). Their expression patterns resembled those seen during epidermal differentiation.
KI and K5 immunostainmg will be perfo_xned in pregnancy -dependent tumors, regular HI tumors and
HI tumors that resumed growth after hormone stimulus. This will confnm that association between
dormancy and transdiffcrcntiation. In addition, since activation of b-catenin has been shown to induce
transdifferentiation in mamma_ _ secretory cells, its level of expression and localization will be also
tested in these tumors. In addition, as this protein is part of the wrtt pathway, different steps of this
cascade will be analyzed- Similarly, interaction with the lymphoid enhancer transcription factors
(LEFs) and T cell factors (Tegs) followed by translocafion of the entire complex to the micleus Will be
analyze& Expression and localization of the proteins Luvolved will be studied by Western blot analysis,
immunohistocehrnistry, and microscopic visualization. Activation of the transcription factors will be
analyzed by Electrophoretic Mobility Shift Assays (_.[SA).

In another hormone-dependent mouse mammar?" tumor model, it has been show_a that
administration of phosphothiolated antisense oligonucleotides against the IGF-I receptor efficiently
inhibit tumor growth (Salatino et al., 2001). In our model, we will determine whether blockin 8 FGF-R
by this approach would affect tumor growth stimulation after dormancy. These authors report that the
most efficient tream_ent is to inoculate the oligon_lotides in the tumor bo_ (100rag/day per I2 days).
In our case, both #4 fat pads will be implanted with tumor fragments, after 5 months, the female mouse
will be impregnated. When pregnancy is detected, one of the #4 mamma_., fat pads will be treated with
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the antisense oligcmueleotides, while the other one will be treated with placebo. Then, tumor growth in
both flanks will be compared. Histological features as well as proliferative aetivi .ty (by mitosis count;
PCNA. and/or Ki 67 staining), apoptosis (by morphological as well as TLrNqS;L analysis) will be
evaluated in these tumors.

Problems and alternative experiments: We do not exq3ectmajor problems with the first phase
of studies proposed in this aim. First, we have to characterize minors that went through a period of
dormancy and their successive progression. Therefore, the mare problem could be technical as the
possibility of the target proteins to be identified by the antibodies used, i.e. antibodies quality, antigen
stabilit).', fixation of the tissnae samples, etc. A more difficult problem to solve would be bloeldaag the
action of the investigated grov,_h factors in vivo in order to test their activity. Inoculation of antisen,se
sequences has been Successful in other tumor models, :however we will have to set up the conditions for
our experiments, being a new approach flais could be the major source of trouble. Another approach to
evaluate the actix,i_, of the growth factors involved can be done by using KO animals (or conditional
KO animals)_vhen available. In that case we could also determine whether these growth factors are
provided by the tumor tissue or by the host.

Aim #2:, Cloning and sequencing MMTV in_rtion site in order to fred new genes associated
to tumor prp,gressio n

Our goal is to continue the isolation and eloning Of/vlMTV(LA) insertion sites follov_Cng the
procedure described in "PreliminaD, Restdt-_". We are specially interested in cloning out insertion
sites associated to acquisition of hormone-independency in order to identify genes invot-_'ed in that
process.

Besides the obvious opportuniB' of fmdhag new genes associated with mammary tumorigenesis
and/or tumor proTessiorz , cloning and sequencing regions next to insertions found in HI tumors will
make possible to investigate by PCR analysis whether this insertion was already presefit in the HD
original tumor although not detectable by Southern blot analysis. This will allow us to learn whether
the insertion sites obser-v-ed in HI tumors axe already present in a smaU tmderrepresented snabpopulation
of the HD tumor that are selected during tumor progression or they are newly acquired one that induce
a fast change in tumor development

Upon finding .MMT V affected loci, expression of putative codhlg re_ons near the insertion sites
will be evaluated by Northern blot analysis. In addition, using specific probes for the mouse genomie
re zion next to the insertion site we will determine whether that area is commonly .affected by MMTV
insertions in our tumor pool by Southern blot analysis. In case we eonftrm that a putative gene
expression is affected by the insertion, the other tumors will be also tested for altered expression by
Northern blot analysis and/or RT-PCR. In this ease also, normal epithelial cell lines (-like NMuMG or
HC 11 cells) u611be transfeeted with expression vectors containing the either altered or over-expressed
sequences, in order to determine whether any change in cellular behavior is observed.

This part of my projeot is the one we believe can provide a very rich interaction with Drs. Gilbert
H. Smith and Robert Callahan. First, we can interchange data about MMTV altered loci in both mouse
colonies in order to ampli_, the screening for different 1VIIMTVstrains and mouse genetic background.
Besides, if we find an interesting new altered locus in our model in Argentina, a transgenic mouse
could be developed in collaboration with their groups. Finally, Dr. Callahan has suggested the
possibility to compare the sequences of the different MMTV strains carry the mice in both colonies and
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those already known by the literature, in order to find out a pattern that could associate the ability of
different mouse strains to induce either pregnancy-dependent or independent mammary tumors.

]Problems and alternative experiments: The l'n-st problem you face trying to clone out
.fragments obtained from I-PCK reactions is to decide whether or not the fragments obtained
eorreslx_nd to whatwe see in the Southern blot analysis. We know the PCR amplified fragment has to
be the same size as the one the detected by Southern blot analysis minus the distance between the
primer used for amplification. However, as we work with frama'tents that range from 2 to 10kb (see
figures above) it is not eas3/ to have a very precise estimation of PCR fragment size from its
visualization in the BrEt stained gels. For example, in tumor D2 H1 (see above), cloning out the 2 kb
fragrnent that we found corresponded to a single h4MTV-LTR sequence inserted in the int2/Fgfarea
was relatively easy. However, when we tried to identify the 4kb (aprox.) associated with progression
with hormone-independency we found that we re-cloned the 2kb fra_nent ligated with something else
during the circularization of DNA. Therefore, the only way to reduce the possibili_" of ligation of
different fragment to occur is to dilute the restricted DNA solution as much as possible. In some
occasions the DNA solution that is used as DNA template for PCR is so diluted that we need a nested
PCR to be able to see in a BrEt stained gel the reaction product. To this second PCR round we would
use dow_astream primers that would hybridize witla MMTV sequences, but that do not need. to be ..
specific.for MMTV (LA) since specificity is provided by the PCR fi.rst round. Nevertheless, in the c_se
more than one Eeo RI fragment get trapped in the circle and amPlified by PCR, this can be detected by
Eco RI digestion of I-PCR products, before or after being ligated to the cloning vector. Another
problem we will face, trying to clone out bigger fragments (6-12 kb) is the fact that these fragments do
not get easily trapped by the pGemT vector we are using. In that ease we have to take into account that
the neeessib' of using MMTV (LA) specific primers plays against the necessi .ty of making the cloning
fragment as small as possible. Therefore, once we have obtain the specific PCR fragrnent, we can re-
amplify these sequences using primers next to the end of the MMTV-LTR and to the EcoRI site in the
virus sequence. This way, we _511be able to get a significant lower size fragment. Another technical
approach to this problem is to design MMTV (LA) specific primers with restriction endonuclase
sequences at the 5"end of them. Then we will have the Ix._ssibility to Iigate them to other cloning
vectors that accept bigge r fragments than tK3enaT does. Another way to solve this problem could be to
re-design the I-PCR reaction using a Ibm- base cutter instead of a six base restriction enzyme, in order
to get smaller fragments to clone out. This approach would require new Southern blot analysis to
determine the fragment size of Our new cloning targets.

Aim #3: LIF and involution:
Since.we have demonstrated a tight relationship between LIF expression and the fi.rst phase of

mammary involution we would like now to get a deeper knowledge of the mechanisms involved in
these events. Therefore, we v,5IIcheek the level Of expression of genes associated with apoptosis (either
induction or protection.) that could interact during transition fiom lactation to involution (Metcalfe et
al., 1999; Lund et aI., 1996). Then, expression levels of a number genes like Bm_:, Bad, Bcl-2, Bel-x,
iCE will be tested in lactating mammary glands implanted with LLF pellets as well as in mammary
epithelial cell lines as HC11 and NMulVIG treated with this factor. On the other hand, it has been
demonstrated that NFkB has the same temporal pattern of activation as the one we have observed for
LIF expression during mamma .ry involution (Clarkson el al., 2000). Therefore, in Order to determine
whether LIF treatment of the mammary gland could induce NFk,B activation, immunostaining of

mammary tissue preparations originated in mice treated or not with LIF implants wSll be performed.
Antibodies against specific members of the kB family will be used (Clarlcson et al., 2000).



A possible stimulus for LZF induction in the mamma_ gland during involution could be
associated with mammal 3" cells stretching due to milk retention when pups stop. suckling, As a matter ....
of fact, stretching of cardiac myocytes reduce Stat 3 activation as well as LIT (Pan et al, 1999). A more
recent report indicates that LIT aetivit 3, on these cells would be mediated through the MAPK pathway
(Nicol et al, 2001). Therefore, we will determine whether milk retemion in the lobular aNeoli, due to
lack of pups nursing, induce activation of MAPK cascades in normal mammary tissue, as reported
before for cardiomyocites. On the other hand, I,IF-induced apoptosis has been associaled with the
activation of the e-Jim Kinase (JNK, a MAPK sub-family member) signaling pathway (Savitz and
Kessl.er, 2000). Therefore, nipples of lactating mammary glands wiU be sealed with glue in order to
interfere with milk efflux in those glands and activation of the MAPK and ,lINK pathways will be tested
in these_ glands. Phosphorylation of proteins involved in signaling pathways will be determined by
immunopreq_-ipitation and Western blot analysis with antibodies that recomaize the active,
phosphoD'late.d forms. Alternatively, specific kinase assays can be performed to as_ss MAPK and
.INK activity (Coso et al., 1995)

In order to obtain a better tmderstanding of LIF actively" on manmmry epithelial cells, NMuMG
and IiC 11 cell lines will be treated with LIF. Then., the proIiferafi-ve activity as well as apoptotic
induction will be tested. The fin-st one will be determined by Timidine-.3H uptake. Apoptosis will be
evaluated by, TUN'EL assay,.DNA ladder, Brl, Acridine ()range and/or Annex_in V assay. In the L[F
treated cell lines, the Slat 3 acti-vafion as well as the "kinase cascades that were activated by'LIF pellet in
vivo will be tested to determine whether their activation is due to a direct aetivi.ty of LIT on the
epithelial cells.

In order to study the impact that cell stretching can exert on mammary epiflaeliura, mammary
primary cultures as well as cultured mammary.' cell lines like NMuMO and HC 1-1 wSU be stretched as
prex4ously described for cardiomyocytes and fibroblasts (I.,ee et al., 2000; Komuro et al., 1996). During
that stretching we will analyze LIF expression, NFkB. activi.ty and induction of the MAPK -JNK
signaling pathways.

In case we deten-nine that a kinase pathway is activated by sealing the nipple and possibly by
stretching of the epithelial cell lines, but no activation is obtained by either LI:F treatment of these
cultured cells nor by LIP" in vivo treatment of the mammary gland, we can hypothesize that these
pathways can be inducing LIF expression instead of being the target of downstream signaling resulting
from the association of LIT with its receptor. In order to test this last hypothesis, HC11 and/or NMuMg
cells will be co-transfected with an expression vector containing a reporter gene ([3-
galactosidase/luciferase/CAT) driven by the mouse LIFpromoter (Gollner et. al., 1998), and vectors
that express MAPK or .INK activating molecules. Over-expression of the reporter gene resulting from
activation of N_A.PK/JNK will be indicative of M/LPK/JNK as mediators of signaling to the LIT
promoter.

In order to test whether the LIF-activated pathways are altered in mammary tumor cells, studies
Will be carried out usirlg the MlvlTV-induced mouse mammary, tumors as targets for LrF activity. Dr
vivo, the tests vdll be carried out in tumor implants that will develop in mamumry fat pads implanted
with LI:F-pellets. In cult_re, similar experiments to those that were described in NMuMG or HC 11
cells wiU be carried out in mammary tumor primary, cultures. Then, it will be analyzed whether LIT
treatment induces Star3 activation, apoptosis and the different pathways tested in normal mammary
epithelia (see above). The effect of blocking LIF expression in mammary tumor cells wiI1 be tested by
treatment with LIF antisense oligo-nucleofides inoculated in the mammary fat pad where the tumor
implant has been implanted. -.



Problems and alternative experiments:
The ex_?eriments propesed in this section are quite simple and straightforward. However, we are

aware that bce-ause of their novelty, at least for the bactLm'ound and e:_fience of our group, th_ ,,_411
require to be set up. We are not sure about the efficiency of measuring the MAPK and ,IZIN_Kcascades
in the mammar 3, gland #z vivo. In addition, we will have to set up file conditions for measu_ng the
effect of stretching on mammary, epithelial cells, we have crafted a silicon culture plate of variable
lengths that is currently under testing. The crier experiments, although they involve es_blishing new
techr_i.'ques in our laboratory, have- been widely used in many other models so I do not have any doubts
that we will be able to determine the fight conditions to pursue this line of work.

g. Human Subjects Research
NA

f. Vertebrate animals

1.; :. In this prqiecL BALB/c female mice will be used. Number aM .justification of its use will be
speeiXSed for each aim:
Aim #1 Progression of pregnancy-dependent tumors after dormancy in virgin females

Most of the labeling for specific keratins and FGFs of tl_maors that developed after long term
dormancy will be performed in already eolleated material so no more mice will be used for the
oliaracterizafion of these tumors.

In order to follow tumor dormancy and development right after impregnation, 6 female mice
will be used to implant small pieces of pregnancy-dependent tumors in their #4 mamma_, #and fat
pads. Tumor tissue to be implanted has been already obtained and frozen in liquid nitrogen. Four
females Will be impregnated 5 month after tumor implantation (2 will be left as control to confmn there
is no tumor development without hormone-stimulation). BrdU uptake, morphological and
imrnunostahaing of minor samples wiU be performed in the developing implanted tumors. We believe
this experiment should be repeated at least 3 times, usillg therefore about 18 miae with this purpose.
Another 2/3 sets of experiments should be performed when FGF-R antisense oligonueleotide acti_-it3,
on tumor growth is tested. This w,ill take then another 12/1 8 animals.

Aim #2: Cloning and sequencing MMTV insertion site in order to f'md new genes associated to
tumor progression,

For pursuing this goal, we w_I1 use mostly frozen •material from tumor tissue we have already
01¢uained from the 17 in vivo lines we have developed..As described in "'Prellmi_ar_" results", most of
these lines comprehend pregnancy-dependent as independent variants, and six of them also have
variants that correspond to tumor development after dormancy periods. We believe we have enough
frozen material to do all the DNA and also RNA and protein work that involve tumor cloning as well
as testing the expression of the affected genes, ttowever, in case we would need more material, fiozen

tissue kept in medium with glycerol in liquid nitrogen will be subcutaneously implanted in BALB/c
female mice in order to re0over tumor tissue.

Aim #3: Mammary apoptotie signals during early involution.
In our previous experiments, for investigating LI]v .effect on mammary lactating tissue. LIF

containing pellets had been implanted in the left #4 mammm 7 glands of nursing females. On the ri_t
#4 mammary, gland, placebo-containing pellets were implanted. For positive control, involuting glands
were used, while for negative control intact glands from nursing females were utili_ed. Apoptosis level

t44



had been delermined in formalin fixed and paraffin embedded tissue from these glands. For the proiect
presented herein, all the proposed immunohistochemical analysis can be carried out in new slides from ....
those paraffin blocks so we won't need to sacrit:ce more animals for those assays.

For all the other testing involving RT-PCR, Northern blot and Vv'estem blot analysis in LIF
l_llet and placebo implanted glands, we consider that another 10 BAL.B/c fema!e :::ice .will be
necessary.

In addition LIF effect will be also evaluated on man_rta .ry growing tumors in LIF and placebo
_*-ve,liet implanted fat-pads. We believe that each of these assays could invoh.e around 5 animals.
Defending on the results, we will test more than a tun:or line. Then, number of total a:fimals could rise
to 15 for these experiments.

For testing the activation of different signaling pathways when mammary glands are sealed
during lactation, we estimate that another 6 tol0 BALB/e female mice would ha'_,eto be used.

All the other experiments proposed in this section involve cell lines and/or primary, mammary
cultures. In case we find out that primary cultures will be necessary-, more BALB/c mice will be
required. These numbers are very difficult to establish because we have not started yet the setting up of
these assays. However, I believe that a serious first approach could take around 10 mice.

In summary, I belie're that ,:luring the whole project, 75 to 100 mice (taking into account illnesses,
unexpected deaths, eta,) _611 be utilized.

2. BALB/c mice will be used because this is the mouse strain in which the MMTV (mouse

mammary tumor virus) variants used in this project were discovered and their tumorigenic activity
described, k is -_qdely know_ the imporvance of using in vivo models to study tumor progression. For
example, we have found several interesting histological features associated with tumor growth
resumption that could be revealing tumor progression mechanisms that cannot be simulated in culture.
Similarly, there is no in. vitro model that faithfully reproduces mammary, gland involution.
Nevertheless, those aspects that ean be studied at the eeIlular or molecular in i_7culture or in vitro
models, will be carried out in such a way. We believe that the paragraph above shows a fair calculation
of the expected number of mice to be used in the proposed experiments. We do not believe that this is
an excessive number and our mouse colony can supply such an amount .-

Balb/c mice from our mouse colony are maintained in a pathogen-free temperature-controlled
environment. They are hohsed 4 per cage in air conditioned rooms a t 20 + 2t'C, keep under an
automatic 12h light/12 hour darkness schedule and given sterilized laboratory" chow and water oH
libttum in accordance with the NIH Guide for the Care and Use of Laboratory Animals.

3. The aifimals are under permanent professional veterinarian care. Dr. H6ctor Costa (MV) is our
full time professional assistant, member of the CONICET (National Council of Scientific and
Technological Research) Assistant Career, who takes care of the animal health. Besides, there are
another 5 non-profess4onal employees who take care of the different issues of our animal facility.

Our animal facility has been akeacly approved by NIH. A Fogart 3, International Research
Collal:rorative Award (FIRCA #5-34881; PIs: Isabel Piazzon Ph. D in Argentina, Susan Ross, Ph.D. at
the Universl.ty of Permsylvania in USA) has been awarded two years ago for experimental work tha:
also involves our mouse colony.
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4/5 All the surgical procedures, including pellet and tissue implantation, will be performed previous
inoculation of Nembutal as anesthetic. During surgery, the animals will be movement restrained
without hurting their limbs. When necessary', euthanasia will be performed by cervical dislocation or
CO2 inhalation.
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Herein I present the faxed copies of the reference letters from my former supera,'isors, Drs.
Gilbert H. Smith and Robert Callahan, as required specifically for the "'Global Health Research
Initiative Program. for New Foreig'n Investigators" (the original letters are being sent directly by Drs.
Smith and Callahan). They also agrcc in becoming consultants and collaborators in the project
descIibed above. The third required letter of reference is _rovided by Dr Christiane Dosne Pasquatini,
Scientific Director of our Institute (IIHEMA). In addition, a fourth letter from Dr..Omar Coso is
included to show his role as consultant for our project.
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! _ D]SDPAR_ 017 P[EALTH & HUMAN _'_L'_--S PublicHea_ Bervioe

II

- i Nmiona/Institutes of Health
Bethe_d_, Maryland 20892
Building :10
Room :5B50
(301) 496 9871
(30I) 402-0711 (FAX)

Apd_ 16, 2002.

To Whom It May Concern

Dr. _ was a Research Fellowin The Oncogenetics Section for 5.5 years
(March,1992-September, t997). In thisposition she workedwith Dr. Gilbert H. Smith
and myself. Dudng this pedod she became a highly skilled molecular genetioist, who
demonstrated an ability to perform researchat an outstanding level in the areaof
mammary gland development and tUmorigenesis.Dr. _ was a highly productive
scientist. The results of her research hasbeen described in eight publications, fourof
wh_h she was the first author. Furthermore,she was asked to present her work at
seven international meetings during her stay here. Since returning to Argentina she
continues to be highly productive. Dr. _ and her colleagues have developed a
novel mouse st='aJnthat develops mouse mammary tumor virus (MMTV) induced
pregnancy dependent mammary tumors. She proposes to use the MMTV genome as a
molecular tag to identify flanking genes whose expression has been altered as a
consequenoe of viral integration. Dr. Smithand I anticipate collaborating with Dr.

on this project at the level of nuoleotide sequence analysis and chromosomal
localization integrated MMTV genomes
t

Sincerely yours,

Robert CallahSn,Ph.D.
Chief, Oncogenetics Section
Bas'm Research Laboratory
National Cancer Institute

Jr
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_..,,_ DEPARTMENT OF HEALTH & H'U/_ SERVICES PublicHesIthServiceNational Institutes of Health
National Cancer Institute

Be_hasda. Maryland 20892

April I6, 2002

To whom it may concern,

Dr.d_lllmllB was a Pogarty fellow in my laboratory from The Spring of 1992
to the Autumn of 1997. During her tenure she was very active in the laboratory.,

produ__papers and co-authoring 4-others. Since her return to Buenos
Aires, __e-d to be an innovative and productive scientis t in her own
laboratory, where she supervises several junior scientists. She has developed a novel
mammary turnorigenesi s model wherein tumors arise during pregnancy in the mammm-y
gland but resorb during lactation. In a recent paper, she and her Co-workers demonstrate
that these tumors contain numerous estrogen receptor and progesterone receptor-positive
ceils. This is unusual in mouse mammary cancer models and represents a unique
opportunity to ewaluate the role of estrogen and progesterone in a tumor progression
model in mice, In addition., she has shown that these hormone-dependent mammary
tumors begin as po]yclonal cellular population, which subsequently becorrm monoclonal
during progression to a hormone-independent state. Her laboratory is also engaged in
discovering the genetic mutations that are associated with this model. Using the mouse
mammary tumor vires ('MIVITV) as a molecular tag, she plans to isolate sequences
flanking MMTV-inducedinsertional mutations within the horrnone-dependcnt tumors

and to sequence these regions with the aim 0f identifying the affected gene. It is r_n
to collaborate with her in this venture by providing support for the sequencing anTr--'-
Chromosomal localization of the M2VlTV-haduced mutations.

Sincerely Yours, •

Gilbert I-I. Smith, Ph.D., Chief
Section for Mammary Stem cell biology
Basic research Labomto_
Center for Cancer research, NCI

Bldg. 10, room 5B56
9000 Rockx, i lle pike
Bethesda, _ 20892-1750
Tel: 301-4-96-2385
Fax: 3-1 780-1790

E-mail: gs4d @nih.gOV '



Academia Naclonalde Medlclna de BuenosAires
INSTITUTE)DE INVESTIGACIONESHEMATOLOGICAS

-MARIANO R. CASTEX-
J. A.PACHECODE MELO31]B1

Tel / FAX:(54- 11)4803- 947.=/4805-0712
Conmutador:4805-575g/3664/3411/5695/11034/6461

C1425AUMBuenos Aires - ARGENTI'NA

TO WHOM IT MAY CONCERN

It is a pleasure for me t O recontmend Dr. _ whom I
have known for over 14 years. She _Came to this Institute •as a

young student and did her research work on pregesterone-
. induced mammary tumors with Dr. Claudia Lanari who directed

• , - . ,

her Ph.D, thesis in 1992. Her achievements during those •years

yielded several publications. She then spent several years as

a post-doe at the National Cancer Insti=ute where she did

very good work. She always remained in close contact with

this Institute to which she eventually returned a few years

ago. _She had become a fully developed scientist who is now

leading a research group which is _r0ducin q valuable data

continuing with her interest in mammary gland deveiopment and
involution. _

has proved to be a performer _ above _average in every

step of her career. She graduated with high scores and

immediately fitted in "when she started during research at the

bench, earning the respect of colleagues and students. Her

commitment to continuous progress during this difficult

economic crisis has led her to apply for •research grants from

foreign prestigious institutions. _ ....

For all these reasons i fully support her application with

the conviction that being an NIH grantee would be•an award

that Edith fully deserves. •

Please feel free to contact me should you need more
information.

_, • .

Christiane Dosne Pasqualini, Ph.D.

Scientific Director
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UNIVERSIDAD DE BUENOS AIREs

];ACULTAD DE CIENCIAS EXACTAS Y NATURALES
DEPARTAMENTO DE CIENCIAS BIOL6GICAS

Laboratorio de Fislologia y Biologia Molecular

Ciudad Universitaria Coso@bg.fcen.uba.ar Tel.: 544 1-4576-3386
PabeU6n II • 54-11-4576-3368

(]428) Buenos Aires - Argentina . Fax: 54-11-4576-3321

Buena Aires, April 10th, 2002

Towhom it may concern]

It is with great pleasure that I _witethis letter to support the application

: presented by Dr. _.

I certify that due to our ongoing collaborative projects we vdll provide

Dr._ group withDNA reagents and antibodies in order to perfoma MAPK assays.

Our ei,pertise in the fieldcombined with their deep knowledge of the mammary glands will

allow us togethe,_ to dissect the signaling pathways that link LIF, the MAPKs and

transcription factors during the apoptotic process.

Thenecessary equipment necessary to get the results described in her

proposal is available at both her institution and our o_._.n,so it is my opinion that there will

be no problem in developingthis project in which I actas a consultant.

Should you need any more infom_ationdo not hesitate to con',act me.

Sincerely.

_' __ 0_0 Ph.D.

//
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